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(57) Abstract: A transistor generates a dispersion in character- 
istics. This signal line drive circuit has current source circuits 
corresponding to tlic respective wirings. Each of the current 
source circuits has a capacitor means and a supply means. Each 
of the current source circuits is characterized by converting a 
supphed current into a voltage according to a video signal, and 
by supplying a current corresponding to the converted voltage. 
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A'...SET SIGNAL 
B'...VJDEO SIGNAL 
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mi^iIllHlK4 2 0T'tt, i^^a*:fM-TA:^$n§fS^{cJ;oTX-i';/5"l 0 4, 
^«Ml 0 9 (OT^mgSilil 0 9 ;&^e>, ^i^b*:^>bTmS (U 7 7 

■ "-'^^^^ ftim^-^n. ^mmf"! 0 z\zm^(Dmm^ui^-^ti^o ^vxm 
mmui 0 Bti^iom^n^mm Viyruyxmmm f)^hy>z^7.^io 20]^ 
>m.mtmL<u^^x\ mmm'^'i 0 sizmm^^n-^n^o 

25 :k^^X. Sg^a*:^bTA:tJ$n5^i#fcj:t), ;^-fy5^10 4, X-fy^'lO 
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5 hms.izfm-^nx\,^^rctb. h ^ >z^x^ i o 2 0 k w 
^ I data \zmcrc H iz-Y ^-^^'^n-i). ^oTctb. ^w^mmM^^m^t^ h 

10 1 1 6 fimmmmizfsi^ t. ^I'c^ifti^x^^mizmm-^nrcmmizm^ 

fi^Ts^ y^lO A-Bi.XS7.^ >y 5" 1 0 5 a O^mMmm 6 (A) {C^f^fifetC 

15 10 4 ^iVl^T^l-h (CgMLT. »?r7.-f 1 0 6 {c:^,^-r-5«T*) 
^bTX-ry5^1 0 4SLt;7.<';/5'l 0 5 a«> )^^a35>e>A:t/^n^ffi-^{Ccfc D 

^Vili, X-r>y5"l 0 4M^bt h^^v'T.^ 1 0 2(Dy—VmM0)fii\ZWM 
X-r«y5^1 0 5 a«^?b<hX-r y^^l 1 6 0FB^{CEBLT'bJ;^i. t:>^0, 
20 03 8 (A) S:#M-rSt, ^^illf^^tc«0 3 8 (Al) ©<t pt'l^^$n> A 
:^I!jf^li#»cttEI3 8 (A2) o^ii'^\zm^-^n^^o\z. WM'^7.-( y^^WMt 

u^m6 (A) tc^-rmMisiss4 2 oTti, -ft-^^^^-r^i&it (is^sjf^) 
t. mn^mm\zxii-t^mr^ ixtsmm ^n^\zno^t\t\^^is.\^^o 

25 06 (B) C^ViT, X'ry9^12 4> X-T 1 2 5 i:, hvy-J^^l 22 
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5tomm«^it$n'i>. •ebT^smsisaii 0 97!>i68i£$n?)m«£ ('J77v>7.ffl 

*^^b^>vXi5'l 2 2(DH W>mi)SE<i:^l^<J^^*T?> 1 2 Sid 

10 m^t^^^JtStli). ;5:fcX-r^y5^1 2 4j&t;r>i:?a:^i:> h^>>^7.iS' 1 2 6 

1 2 3(;:m5tCDm#*^«J#SnTVi;5fcJe), h7>v7.i$' 1 2 2«, li^msiti 
data iCJi&Ufe^^^om^aEr^g:^*^^;!^^^;^^. ^UT^RJCT^'T 1 0 

5^^1 2 3lC^Dmjtoy-hmffi{-iNIJ#$nWSfeJsi)> h^>S^7>^l 2 2© 

H K >Mi^{C«OT«sS I data f:if&Cfc H >«»gitn^. ^(Dfc^. 

Y^yvTs^ 122. 12 6\tWLmzmm-^n. K-DK^^^o^y-htmrn-^nxi^^ 

25 ^. «foT, h^>5^Xi5^ 1 2 2, 1 2 6 h© h^>i^X-:^<hbT«l 
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03 8 (B) ^0mr^t. m^W}mm\z\m3 8 (bd 0cfce>ic^M$n. x 
10 timi^m\z\m3 8 (b2) oj;3tc:^^$nsj;3(c. aH^^7.-r!y5"<iriBa-r 

;^*5S6 (B) iz^TmmMm^4 2oi!\t. mn^m^-r^wii^ m^mm 
m-^^mm\zxti-r^mi^ cxtiwim t:mmiz^o::t\tm^f3:\f\ 

15 ^6 (C) {C:feViT, X-(y^l 0 8, 7.-(y^l 1 0. 0 5 b, 

106 (n5^ir^Jl/^), Kh^>>?X37 1 0 5 b, 1 0 6 ©y- h • y-j^rnim 
£EVGS ^^^^i^TS^M^T 1 0 7 tS:#-r§IlI?S*t^gSai|Hl^4 2 0 iCffi^f -5. 
««lHliS4 2 0T«, m-a^1^l'XXts-^nm^\Zii^X7.^>y^l 0 8. 

xf^^/^^i 1 o*?:j->t;5:§o "tot^t.nMmzw^-^ntz^nmm.iQ 975^6, 

20 ^^b ^:fM^TS8K (U 7t l/>XffimgS) 75^#^i|i&$n, ^fi^^ 1 0 7 {-m^© 
*«h^>>?Xi5' 1 0 5 b©HK>'S0gt^b<?a:S*T;-^*m^ 1 0 7 

;^>«^^$n5o c©t#, h^>>^;^^i 0 5bstXh^>j^x^i 0 6©y-h 
««i«svi(csgg$nTVi§©-e, H7>>?;^^i o 5 hmf^hy>V7.^ 1 0 6 

25 ©y- hmjE«, 0 7 fc:J:cT«^$nTlri<5o 

^^V^T, «^a<&:/hLTA:^$n-5^i^{CiO, 7.<!y5^10 8, T.^f-y^^ll 
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^m\z-/3i^t. m'i'c^iffvxm^mzmm-^nrzmmizmmm^ti^o ^ot 
5 vyy^yT.^ 1 0 6 coy- hmjE«, 1 0 7 fciom^wy- 
\z^m-^tix\^^itt>. VyyvTs^ 1 0 6 © H w >m«{c«msit (u yyvy 

Zi(Dh^. Vy yVT.^ 1 0 6 0 H l^-Y \%^nM I data iCJ^iUfc H V 

^ynm^-im\zm'^tzmz\x. Vvy-JT.^ \^ ^^lasvyyi^T.^ \ o 6© 

fe06 (C) Ttt, h^^i^T.^ 1 0 5 b35:t)^>7>5^7.rS^ 1 0 60W (<i^-hi|i) 

S:fc>7>i?XiS'i 0 sb&uci 0 e^-p.-^, ^mssiisi o 9ic^i^$n;fc 
20 >i^X^©W/L^:*:#<^^-rsJltT,M^«giEail 0 9;5ie>:^«git«$&LT. 

;S::feBI6 (B) {C^-rSM@SS4 2 0-C«, -ff^i&ig^TSW (IS^illf^)- 

■?-bTliI6 (D), (E) fC^1-m§SililsIi^4 2 OJi, 06 (C) IC^-Tm^ilEjlilHl 
25 2 0 tX'T 110 0S^«l^?&«S^oTVi5;^£;^«> -S-^fiSCDiaK^^ 
©^ici^^!^c«llIC-e^fes. Sfc06 (d). (e) \Z7^-t'mmmk^ 2 0(D»f^«. 
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03 8 (c) ^pmt^t. m^wsv^m\z\tm38 (cd (D^o\zmm-^n. a 
t}mi^m\z\m38 (C2) o^o^zmm-^n^^^iz. mm^^T.-fy^^mmt 
5 EI 3 8 (C2) fc*5ViTtt, ^mmi'io7\zB^-:>rzn,mm 

nf3:^^^0\Zf3i'0X^^n}it^^K 
03 9 (A) lC:feViT, 7.^y^l9 195c, 195 d> 195f> h 

y>-j7.yi 9 5 a: ^mm^i Q s e^^t^m^f)mmm.m^\zmmr^> m 

3 9 (A) iC^-rmS^Mm^lrJi. ^l'si^itVXXtl-^n^im\Z^K>X-(y^ 
10 195 b, 195c. 195 1 9 5 f i!A^>\ZfS.^o ^^-t^t. ^l^h^it 

hx. mmmzmm-^nrz^mmi^i 0 9i!f^^mmm^-^n. ^mMio9*^ 
^siji^i 9 5 e \zm^(Dmm^mm-^Mo 

i^ViT, «^i^a^:;M^TA:(3$n§m-^lc<}:0, X-r'y5^l9 5b> 19 5c, 
15 1 9 5 d, 1 9 5 ff)^:ty\Z-fSi^o Z.0tt. 1 9 5 e iZim^on^f)^ 

^^^nw^fcii), h7>v7.i5^ 19 5 amM^mmiz]st:^crc:k^-^<Dm^^^ 
-rmti^^t^o cn«, h7>v':^iS' 195 a®y- >mjE«, ^«5fi? 1 9 5 

e}CJ:0m^©y*-hmjE{C^^SnT*5 0, ^h^>>'XiS7 195a©l<l/'f> 
20 ;i©4^^t:feViT, ^Tc$::/M^T^1>g|5t'«SS7&5^^$n§. ?^*50 3 9 (A) \Z 

rzt^=i'at:ift-i'Xxti^n^m^\z^^mmn^:^^y'^i!)U>x$>Ki. 
Tcj5^e>m»^n;svij;^ic:;5:oTVist^n, c ttomfi^oea^t^^ 

25 i^T-SiK-gd^^s, -eLT, ;:c:7?«-e0SBi^oSfi:*, Va tfS, Va«, 
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m^^lJEVdd^^^:TJ;K 

03 9 (B) (c) ^pwct^t. m'^Wim\z\m3s (bd (cd o^oiz 

mm-^n. xt}mYfm\z\tm3 9 (b2) (C2) ©^•^ic^^^ns.fcpn. ea 

S;^c0 6 (A), 0 6 (C) ~ (E) ®ilSitiilsli?S(c:*5ViT, mtS0gsn-5:5riPi 

imrnx'^b-DX. 06 (A) \z^-rhy>-j7.^ 1 0 2^p^^^^)mizhrct^ 

om^m^t:^to 06 (A) ^a^^^&y-h • V-XF^IfcEllTSclt 

*fc07 (B) ~ (D) \z\t. mM<oMn^:^\^ (mMf)^^mn^W}m^^ 

15 \tmmT'$>-oX. 06 (C) ~ (E) iC^-Th^^v^X^l 0 5 

>v7.i$' 1 0 6?rp5^^^;HllCL/c|llM<£r^-ro 
Sfc, 04 0 (A) Utt, 03 9lC^L/fci^*!K{Ci5ViT. h^>PXi^ 19 5 a 

^p^^^^-jmizLfcm'^^M-ro ^^040 (b) \z\t. 06 (b) iz^vtcm 

^(C:feViT, h^>v'Xr$^ 1 2 2> 12 6 ^p5^i'^-;PMlCLfc«-&^^-r. 
20 04 2fc::feViT. T.-f^y^^l 0 4. 116> h ^>vX:$' 1 0 2. 1 0 

04 2 (A) «v 06 (A) (D-m^mEVrz^mzm^T^o 04 2--(A> {C 

-hm w i}mfs-^o o^o, ^^ftf^B^tcii, 04 2 (B) (D^z>\zmm^n. 

25 >r- hig w ;5>«:*c^Vio Xi3mi^m\z}it. 04 2 (C) ©ctatc^^^ti, y-h 
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\^^^n^m^\zit. 0 6{c*3^iT, vss ({&m^mw,) * vdd mmiiLMM) tc 

^MtT. h^>>?:^i5^ 1 0 2> 10 5b, 10 6, 12 2, 1 2 6^v^'r^)V 
l!trnii<tVi.*;fe0 7{c:feViT,Vs8$VddfC^MLT, hy>P7.d^l 0 2, 

15 105b, 1 0 6 ^n5^-\'^^;i/Mi-rnJictVio 

tj:^. 07 (A) - (D), 04 0 (A) (B) ©UlSSti, ^^Sif^P#{C«04 1 

(Ai) ~ (Di) 0<t'5tcsi^$n, xiiW}Vfmiz\m4i (a 2) ~ (D2) 

OTfctt, 0 6 , t rcmm^m^(o -5 , 0 e ( a) Rr;0 7 ca)-,- 
06 (c) ~ (E) Rz^m? (B) ~ (D) (Dmmmm^(ommz-o\,'^xmh<m 
mt^. ST, 0 6 (A) msm 7 (a) (DM^mm^o^mmz-D^.^xm i9^m 
25 viT^§a-r5, 

019. (A) -019 (c) «, mmf)m^mj-m^Mnx\^^<m^^m^&:}iz 



wo 03/038794 



PCT/JP02/11279 



25 

^UTVi§, 019 (D) mn%midAtai^nmmmmzm^ii<t5t^0^m 
^^mMm^tmfBwm^^^iyTi^y). mi 9 (e) \t. fi^s^idataS:® 

5(D^'-h ''j-xmms.tmi\<Dm^'^^Lx\f^^o ^tcmis (a) ~bii9 

5 (C) lC^-riElKEI{c::feViT. 1 l}it^Jy7U>7.^^m.UU. 7.-(y^l 2'-X 

^^)vm). i6\t^mmi'. i7\tmM-^$>^o ^njsoMirtt, 7.^«>^i4 
<i:, hy>v7.^ 1 5 1. ^mm^i 6 t*tmgitaii5i]?s2 o \z^m-r^mn.mt 

T5. 3^*5019 (A) lC«?l#tBL/i^i^^-^55>WiT*5 0, 019 (B). (C) 

10 iz^i^^x^i^iULBhnmtmi 9 (A) (c2p-r^<z)T0^««-r^c 

«U7 7^>;^ffi^m8itMi 1 tc^i^^nxvi^. -eLT^a^^i 6©-:tr©« 
Sttvss (h^>>^Xi5' 1 5oy-7.) {c^j^^n. te:;^0m@iix-i'y5"i 4 (h 
7>vx^ 1 5©y-h) tcHi^^nrvi'S. ^a^^i h^>>^x^' 1 5 

H^i7«, ^7t^^^h^>v7.iJ'?a:<i:t::.fcoti^^n-s. ^t^^^^, mm 

a«^i|^^j&^e>s/£2y;ii{cM'5ii^©^ (m^) t. =m^mB^mf}^^^mm ■ - ^ ^^^^^^ 
25 o#»e>a^$n§. 
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ift-vxmiftm'f'izm^mm i data \zj^^Drz^mmn^> bui^ vm i9\t. u 7 7 
5 ^-fmcSiiiiHii^ 2 0 I data ^^miT^m^ mMmm ^0 1 9 (a) . 

(B) ^m\i^Xmmt^. si 9 (A) (C*5ViT> X'f'y5^12, 7.^v9-14ifi 

m^2 0(Di5\Pi\z'm.mmnx^^<. ^.o^^. ^)y7U>7.m^nMmiii)^^ 
10 mtnmM i data f}mnx\^^(Dx. 019 (a) \z^-Ti:,o\zmMum^2 0 
x\t. nuom^ytii iii2\zji^i)-^nxmn^. z.ot'^om^^mi^ (d) 

IC^tTViS*?, «-^«gleidata=I 1+ l2©gg^Tafe§J:<i:«W5^1r*)75:Vi. 
15 ttlKt, Idata= 1 1 <fc?5:S. 

»>5r \z^mm^ 1 6 {c:«?^5i«#a$ tiT. 1 6 (Dmnmm\zn 
<a:M*«^i;ttD*s (si9 (e)). mmMfii<Dm&.m^v th\zu^t (019 

(E) A,#J, h^^v^X^l 5;d«:t>bT, I 2> 0 i;5:-Se ±jZ^L7"cct5 I 

data= 11+12 irab-5©T, 1 1 \t:k^\zm'>-t ^ffi. Mm^Mnxv^s. ^ 
20 1 6 $ 6 icm<^0ii«/&tfTt>n5 o 

1 6 ©M«@rBl©«fi:gtt. h y >VX^ 1 5 OQ^- h . V-XPb1«JE 
0 hyy-JT.^ 1 5dndata©m8S<&lJiE-re:a:*ttti5f55fctt0«IE (VGS) tc;^ 

25 t^t (019 (E) Bj^C). mgiiIiaSSn?a:<;^f5, ^^\zV'7>z^7s^lS 
tt:t>bTVi§©T?, I data= 1 2 t?5:<5 (019 (B)). 
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^Vi"C, iii^{'{i^«gitIdata<l:A:^T5S;f^ (A-timm ^019 (C) 

lZii\^^xmtj^t.nrcYGSf}^^n-^nx^^^rzib. hyyp7.^1 5\t^>LX 
5 :fe D , ffi-^mSiE I data fC^ b Vimjif*^, X-T y 5" 1 3 RZ^> ^ 1 5 L 

T Vss O^^lRltCgSnX, a^'vW^-tmSiE I data ©A:^J/&^^7'r5. llOtt. 

soy-x- \^u^>mmBf)mitLrztvxh. mytm^izit-^onmifim^ 

10 ^1 9lC^'r«SSMlHli?S2 OTtt, ^19 (A) -1^19 (C) {C^f-t^tC^ 

srmsitMisigs 2 0 {r*f bTm^mss i data omtiL^^mj-^i^^m^ (.m^m 

Ell 9 (A), (B) \zmm) mm\zm^mm.ida.ta^xt)-t^mi!^ ixti 
»f^, 019 (c) fwffl^) {c:$:)-tj-6ns. 't\yxmmx\tx■t^•^ntcm^mMl 

dataCS-Cf^, ^3t^?'\Om8S©^i^d«fft)n§. 

15 ^1 ^\z^-rm.imM^2 Qx\t. m'^m^txtsm^^w\mz'no^t\m^. 
^-ox. WL^m^tx-^Wi^^nn\zno'Z-^i)^^^^^\z\t. mmtim^ 
mm-^nx\i^^mw^xi^^x. '^\zmmmz-mi-^WM-^nx\f^hmnu(D^ 

I data ^mM\zXi3 L-Tiij^Vi^ir^rtlc, WL^Wi^^'no ^tifi^^xh^-fs.^\t. 

^^ciiii9 (A) -019 (c) \z^\yfzmmwM^2Q(DV^>v7.^ isn, 

(F) {C^-r. 019 (F) IC*5l/iT, Zl\t^)yTV>7sm^mMU. 7.-(^y=f- 
25 Z2-'7.-(y'^3An.7.^y^ymm^^'r^^M^mi' iVyyz^T.^). 3 
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gg^nxi/i^. ^mmi-s6\t. hy>-J7.^3 so^r-h • v-7.mm&^u^ 

mi 9 (F) \z^-rnmMm^2 4(Dmmt. mm<omn^:&\^i)mi3i^&.mt. 

10 mn^-:^\^^mM'&-r\z. hyy-yx^isom^^^mhtzm^m^^^nmr 
^m^izu. m? (A) \z^'tmmm^m^\z-m\tj:\,\ 

75::feEi4 3{C*5ViT, l|^<7)»itn§;^lBl«ia 1 9 (F) h^>vX^5' 
3 5$n5"Y^>;WM{CbTVi§. ^*mT3 6«, h ^>v7.i$' 3 5 ©y- h • V 

^V^T, 06 (C) ~ (E) ROT 7 (B) ~ (D) (DmmMm^<DWimZ'D\^^ 

xWiZQ. 2\^m^^xmnT^. 020 (a) -11120 (o \t. mmtim'^m 

=?fii^m.nx\*^<m^^mim\ZmVX\'^^o 020 CD) \t. -B-trnglEIdataS: 

20 %mMmzm^Tb.tsii^<D^m^^mn^nmmm(D'm%^m\yXiin. 02 
0 (E) m^mm.ida.ia.^wmM^\zm'^TLtst^\z^mm'^4Q\zm^^ 

^LTViS. ^:/£:02O (A) ~02O (C) {c:^i^'ri5lK0fc:feViT. 4 1ttU7 

y^4 2\t7.^ y'^>c^mm^^t^¥mi^mi'. 4 3, 

25 4 4\tVyy=J7.^ {n^\^)Vm)s 4 6 4 7 ttSj^Tfe-S. 

Jfi(^?^^T«, X-r^;/5^4 2i, h7>i^X:$'.4 3. 4 4t. ^«^^4 6*^-r 
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(A) izmt^ormmt^mt^o 

n^^^^mo h y yVTs^ 4 3 ©y-x^^« Vss \z^^-^n. H 

L/T^«^^4 6©-;&©mMttVss (h^>v7.^4 3Jtt;4 4®y-7.) \Z^ 

i^$n> fl!s;^©ms« h 7 yVT.^ 4 s h ^ 4 4 oy^ husic^i^ 

:^M^T^^^^ cOTtt^ I data tcjsi;femss«n^. u^^bia 2 0 a, u 7 7 
vy7.m%%^^^ 1. ii«iiiK2 5 35.(0^11^4 7 ii<m%<ow^-mmt^tz. 

02 0O«gitMleI1^2 h^>>'7.i$'4 3S.r»7>>^X^4 4©•t^-rX 

)5«aS«hJa:S. ^C1?h^>S?;^^4 3S:t;fh^>v7.iS^4 4©t>--1'X75«> i^D:^ 
^hW^^^^\zr:>\^-z. m^■^''^\•^xmmt^o 1^20 (a) -11120 (O 
cfeliT, h^>>?;^:$7 4 3&I/Ch^>>?x^4 4 0-y-'1'X755|^i;«^(C«, 
20 giEIdata2:fflViT^§g-r^,-etTh7>>?X^4 3Rr;h^>>^X3^4 4<DlJ--r 
X;5)^*^/^^«^IC«, jf-^m^ I datal ifi^«5ft I data2 ^fflViTUiBJ-r^. 

25 -lE-bT^rM^msfE i data ^nmwM^ 2 0 \zum't^mfpt:m 2 0 (a) 

(B) ^m^^xmmt?>. 020 (A) C:feViT. ;^-r'y5^4 2j&«:t>ic:3&:«t. 
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u 7 7u>x^^m^M4 1 T€-^mgis I data d^is^^ti. MmmwA 1 e>«^ 

6)«fi^mSi£ldata*«jSnTVi5©T, 02 0 (A) \Z^t^Oizm^MM^2 5 
I^Ttt. mgii©iiiSStiIl<i: I2{C:Ji-;&>nTgiitl^o ZOt^omm^MZ 0 (D) 

2=0 tUK). I data= 1 1 

10 c\tctb^ (020 (E)). mMmf^<Dm&:Mf}^v thizisi^h m2o 

(E) A.^J, h^>i^X^4 3RUh^>z^X^4 4i)^:t->LX. I2>0tf3i 
§0 ±3i!ibfc J;e> I data= 11+12 Tafe^^T, 1 1 \t:k^\zm'Pt^^^. ^fe^ 

s^mm'T4 6(Dmmmm<omiiLmt. h^>-J7.^ 4zmS'Vy>i>7.^ 4 4<d 

15 • 'J-7.mn&t1S.^o ^0rztb. h^>vX^4 3Rt)fh^>>'XiS'4 4 

0^*- h • 'j-7.mmBi)^^M(DmB. 0 h ^>i^7.^ 4 4 j&n data omss* 
gSTe:i:/&^ai5i5§fctt®mffi (VGS) mmm^4 6\z^n^m^(D 

^m\tmf^n^o ^Lrm^ommtmit^t (020 (e) b^). mm 

1 1 ttggnJ5:<75:0. ^6\Zhy>i^7.^4 31&XSh^>z^7.^ 4 4\t:t>l^X\^^ 
20 I data= I 2 (02 0 (B)). 

:k^^•X^^mm\zm^m.m I data t:Xl]1r^W}i¥t:m 2 0 (C) ^fflViXraf 5, 

x-f '/^4 2 7ic:f5. 4 6 \z\m^(omm'^^n-^nx\^^^rc 

ib. h'pyz^T.^ 4 3RUhy>z^7.i^4 4\t:t>LX^y). 4 7 f}-^ i^m^m 

m I data izmiy^^mmijmn^. zn\z^ o . mmizm^mm i data ii^xti-^n 
hy>i^7.^4 4<Dv-X' \iu^ymmEEf)mitLrctLxh. mM\zi5\,^xm 



wo 03/038794 PCT/JP02/11279 

31 



ra-r^. «MlfilSS2 5fC*5tj-^«imi> ±SEb;rc«if^i:l^i;Tfe^©TJi;iT 
\m^^mct.'^. K^>S?7.i5'4 3Rr;^h7>>^X^4 401J-'fX7&«S?S:^i:, 

10 4 7 ICgiSnSii^^giE I clata2 t.\mn.^. ^^Offi^^H, h7>':^7.i5' 4 3S. 
aCh^>vX:$'4 40W (y-hiiil) /L (y- hfi) 
ji^«h^>>'Xi5'4 3(Z)W/Lfil^. h^>>?7.i$'4 4©W/LfflJ;0fe:;*:#< 

■r§c:t*5s^bvi, cintt. h^>>?xr?4 3ow/Lffi*:^^<-rnii, <t^m 

1 datal <&:^^< T#§*^S"rabSc C: m^mSit I datal T«SS2ilHl^ 

02 0 (A) -02 0 (C) \Z^\yfcMUWm^2^(r>VyyV7.^ AZlknV 
7>>'7.r$'4 4«n^-V^>l|^^Ta&ofc755, ^ii«»,lHl^2 5®h^>>'X^4 
3Rl;h7>i^7.^4 4^£p5^^^;^l!^:bTt>J;^i. h7>>'X^4 3 

20 XCXh^>i^Xi5^4 4*«p^i'^;l/S!O^'&®lHl8S0S:ia2 llC^f. 

02 1 fC^feViX, 4 1 ^jtmSiSM. '^5^4 2 ^;/5^>:^iitg<&W-r^¥ 
^#^^r 4 -3 . 4 4\thy>'J7.^ ( P ^ ^^I'M) . 4' , 4 7 

mmf-4 6 <!:3(>^*«8iEillHll^2 6 lc:ffi^-r'5«mielS&i:-r^. 
25 p5^^^;H!©h^>>^;^^4 3©y— ;^^i^ttVddfcgE^$n, Kl'-OMi^ 
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« vdd \zmm^n. h ymm\mytm^4 7 s \z^m^nx\^^^, ^ 

5 "5. 

0 (A) -02 0 (c) ti^i;s)f^s:fT3©Ti:c:T'«ra*«iiis-rs. u^^m. 
nmMu%^m^-t^^^\z\t. 07 (b) ic:^fiHiK0?r#%{c-rn«iVi, 

£)l±<l:S(i:Je>'5i, 0 1 9 mSitilSTlgJt^n^M-^m^ I 

tlfe^-^mSSt I data B^CJlsn^mgStt^gT&^llCTa&.O, m«IeISStc:^tt 6) 

^fe, 01 9©mgSaiIeI^Rt)^06 (B) (r>WW^^X\%. ^^I!if^<£ff 3^ 
FBlt*5ViT«, m«!iI8S*^e>®^{c:ffi^mtSldata ■^^ii't'^z.umms.^^o 

^(otz^t. \i^(Dm^u^t\z2-D(DnMMm^^WLnx. --:^(DmMMm'^\zm 
^^m^-t^m^ iWL^Wim ^frv^, m-^(DmmMM^^m\'^Tmm\zidi?itai^ 

tztzL. m^mi^tAtimi^^mm\znt>u\^^m'^},t. ^mizi-Do^mmmm^ 

^mn^fz\fX%^^\ fS.^. 03 9 (A). 04 0 (A) ©UMlHllEStt, 01 
9 0m«lHl?S<h, ^,M^mgii75^Sitn§«SS*tM75:^iJ^^«, |WI^T$.^c 04 2 

(A) (ommmm^it. ^w.mMi)^<bm^^n^mmt. mmmm^fj^^bmn^m 
25 M<Di^^^i:)tmysi^^tui^\t. mmx$)^o ^rc. me (b), 040 (b) o 
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^a^m^^^ty^mt. nm-^^^o -^^K). 04 2 -(a) t^*, hy>i^7.^(o 

W *«^^»I^^X:^«lf^P#"??MJa:D. 06 (B). 04 0 (B) l!\t. 

(w (y-hipi) /L (y-hfi)) ^BM\zm.mhx. ^mmmz:is\^^xm^-^n 
y^ffl^mssidata i:. mm\zmn^mm^BM\z^x^z.tf}^m^^, mb, 20 

lEmfsim^mm i data ^mmizinij-r^ z. h-^mv^^^o 

15 |Hl?&<D<i:e>fC, l*©ffi-^^{C2O0«^i!IIfi!S&^f^l't^!f^St*?5:Vi. 

±mm^^^-r^^mm\t. TFT(D^\^-^yy^(Dm^^wmvx. mmom 
m^^mzmm-r^<iti)^x^^o 
mm(Dmm2) 

mi 9 i^^X^mQ (B). 04 0 (B). 04 2 (A) fiE) (C^Ufc«»,lEl 
20 SSt?«, l*C!)(S^^c:t (#^J) tC2c>(DI|0iEilIIaISS^£ISltT. -:&©m^illlel 

^b\,>z.t\t±mvtz. z:n\t. m^mi^tx:f]Wii^t^nmiznvzti)m^fi 

WztbX^^^o :^mm<Dm^^X\t. 02fC^Ufc^l«MlHl?&4 2 1Xttm2« 
MI1I^4 2 2 (Dm^t^(OW}mZ'D\^^xm S SrfflViXUiBJT^. 
25 ;&:*3m^^^I!ilHl^tt, mmmm^4 20, h y 5^lHll^35:t* 
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izmmnitmmmm'?0mt!i^iri)-^^mmtn^m^\z^m'r:bo ^ix:^mm 
10 mmmmm 420 ©ig^^^fr 5 . 

08 (A) fC*>ViT, ;^-1'y5^1 3 4-;^-l'y^l 3 9<!:> h7>v';:^^132 
20 (n5^t^;H!) i> ^h7>i^XrJ'13 2(Z)y-l>-y-;;^FB^mJEVGS 

■rS^fi^Tl 3 3i:^^t-^[Hli^55t^l«StililHlj^4 2 lX«m2mMlsIg& 
4 2 2M^«.^ ■ - 

Minmmm^4 2 ix\tm2mmwM^4 2 2x\t. s^^a^^LTA^^n 

^^•^{ClckoTT.'f y5^1 3 4, 7.-ry5^1 3 6;&^:t><J:;5:-5. ^fclS^ d S:/M. 
25 T$atilfi||;&^6A:^J$n§ffi^fc<t-3TX'f «;/5^1 3 5. X^y^lS 7i,t^ytf3i 
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1 3 7^^7\zt^. ^o-r^t. z 3\zmM(Dmm^m-^nx\f^^ 

fc*, h y y=y7s^ 1 3 2 m-^mgit I data XzZ^ZfzX^^f^^U^^'tm^-^ 

13 8. 7.^y^i3 9i!)mm^m\zfsi^t. i&'fc^iffhxm^wzmm^nft 
1 3 3 (cj; om^©^*- hm&izm^-^nx^^^rztb. v^yvTs^ 1 3 2 © h u 

>M^tC««^m^ I data \Z'^s\:,f:L Y Iz-f y%mmX\.^. ^Otcl^. (i^^E 

15 ;5::fe, x-r>>5^io 1 mnnMum7.-(vr) mim^nx\^^u\>^m^n.> x 

08 (B) (C:teViT. 7.-f 4 4~7.-r^y5"l 4 ^^>>'7>37142 

(n^i'^-Jl'S) ^h^>>^XiS' 1 4 20y-h • y-XPBimBEVGS 
20 T-S^S^i^l 4 3<i:, t h 7 >':^Xi$^ 1 4 8 (n5"ir^-;i'M) t-^^T^n^ii^ 

m 1 m^i!ilEl^4 2 1 2 l|«lHlS§4 2 2 iC^l^f ^. 

mi«SiiJiil!S4 2 lX«m2m«(pIgS4 2 2X\t. 1^=f- a^it\^XXtS-^n 

^{f-^l'J:-3T:^^^y^l 4 4. 7.-r«y^l 4 6*i^>i?a:^. *;^«^d^:^b 

xmmm^bx^^n^'^^\^^-^x7.-(,y^iAh. 7.^y^iAiti^^>tu 
25 5. nM^\zim^mt%m.mM\ o 9;6^e), i«^b^:^LTms5 (u 
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0 9*^e>^^n§m^ 0)y7\y>7.^mm #h^>v'Xi5'l 4 2®HW 
4 4, Ts^ y'^l 4 5i)^t>tfSi^t. h7>>^Xi$' l 4 8 h • V-XP^tt 
5 S8^a, d^:/M'TA:^$ns{t-tlcJ;D, X'f 4 4-1 4 7?&« 

:tyizu^. ^v-f^t. ^mmi-i 4 3\z\mM(Dmm^^n-^nx\^^^rctb. 
Vz>yv7.^ 1 4 2\m^mmz^s\:,fz.-x^^(r>nm^mtmi^-^-t^. ^lt 

10 -hSJEtttJ*^^14 3{c:J:Dflfr^©^*-hmffi{3^^$nT43 0, Kh^^v' 

xi5^ 1 4 2 © K i/-r ymmzitm^mm, 1 data ici&cfc k ymmnimn^o 

XiS^14 8®;^{C'fe^gB$n, h^>>^:^^l 4 8;&tg*)W{C:t>{';5:§. ^Z.X. 

h ^ 14 2, 148 \tm\\z^m^n. ^-Dm^o^- hj&^^^^nxvi 

t^oT, h^>v7.^1 4 2, 1 4 8tt"7;i/5^^*-h0h^>$^7>i5'iL'T») 

mzy^=f-cf^ib^^^n^mMm^K)hi^'^<-t^^t.i)m^^o "totcsb. 

25 Vi^^tt, X-r 1 4 4, 14 5i)i:ty\Zi3i^t. I^'T c ^^VX^^Wzmf^ 
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8 (B) tt, me (B) ommz^i'd^mnbrzmmzm^'r^. c(d^-^\z. 
06 (A) (B) (Dm^\z7.-( y^^iM.m\zj^mhx^mt^:it\z^f). j^^d 

^iiJDbfc08 (A) (B) ©m^«Jg$n^, ;^*5. |gimM!Hl!^4 2 IX 

5 \tm2m.mmm^4 2 2\z\t. 2^(D7.-( y^^mmzEmt^z.t-v. 06, 0 
7, 03 9, 04 0, m4 2-fs.ii\z^vrcmmmm^(Dm0^'S:^M\zm\f^^^tifi 

;a:*02Tj^, i:ipi(Dm^m::t\zf^immmmm4 2 iiSLX^f^2mmm^^4 

10 59ttJinicgg^$n?a:Vi. i:^0m^m::t\zm^m.m^o)mmm\zm.^-^nr. 

mt^, l:^^(Dm^^^^t^z3■o(DmmmM^4 2o^mnxh^^\ ^ 

bT€-««iSiMlHisS4 2 oic:ttS^?>U77U>xffl^miJitilii 0 9*^e>fi-^il8S 

15 <^IS^T'5)cl:plCbTt)J:Vi, 1 r?©mW,lHlS§4 2 0 tCtt, 1 t:«;/ hffl 

(D^jy7U>>(.m^mmm^m^^xm^mm^m^v. io©««iHii^4 2 otc 

mmmzm^^r^ctfj^x^^o 
25 T0 1 5 ^^nmt^ . 

01 5 (A> tC^-iViT, ^^^®«S«4 0 1±C, ^lic©li^;!>«'ThiJi7;^4^ 
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3,^1 l^UmZ 0^^i^lKffillil!^4 04, 40 5 SWT^, 015 (A) iCcfeVi 

x\t. ^nf^mmm^4 ost. 2m(o^^mmwjm^4 o 4, 405 $wltv> 
5 \zm.^t^ z. m'^mmwim^4 ost. mi Rz^m 2 oM^^mmm 

^i-BLX^m2<D^ummm^4 0 4. 4 0 5(Dm^t^(Dmmz^\^^xmi 5 
(B) ^m^^^xm^-t^o miRxsm2(D^^mmW}M^4 0 4. 40 5\t. ~>7 

hl/vXr5'4 0 7. A^;/ 7 7 4 0 8 $rW«. h l/v'X^ 4 0 7 i7Uy^ 
10 ft^ (G-CLK). (S-SP) RZfifnyi7Kmmn (G-CLKb) Jctje 

t^T, m'A-^>:fv >^/vv7.^tiit)-t^o ^ow^vyT4 o 8T^il|ii$nfc■^^ 

Uii. -yy VWT.^ 4 0 7 .J:A>>7t4 0 8 OP^t W'^;i/5^7^liISS*Efib 

15 tzmmz\yXhii\^^o v^)v-^y'^m^^wMt^:it\z^-DX. misMM^x^ 

015 (A) \z^\^tzm^wmim^4oz(Dm^t't<Dm 
\zm\^^m^^mwim^4 a z\z'D\,^xm^^m^^xmm't^, 

03 (A) i\ivh(D^v^mmnm^nom^\z^n^m^mmmm 

25 j2S4 0 3 ©tEBSSSr^-r. OT«IKiftleIgS4 0 3 \t. 5/7 h V'JX^ 4 1 1 , B 1 
(Dyv^M^4 1 2. W,2<Dyv^^^4 1 3> ^m»illslS§4 1 4^^t^. 
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m^^Brnzmmt^ t 'yy h V=y7s^ 4 l l "7 0 v >^7 a V :^lHlgS (FF) 
mm^m^^-^Xm^-^tX.^ ^Uv^^^ (S-CLK), 7.^-Yn)]^7. (S-SP). ^ 

10 7K¥'Ji^»irBl*Jw, ^ 2 07 5/5^0^4 1 3 IC7 •;/^A;i^7.;0^*A:^J^n> ^ 1 

y^m^4: 1 2MJ#$nTVifctfx«^«, -^lC^2©7y5^|slSS4 1 Sir 

ii)mmz^mMJsi^4 1 4'\tA:^^n'&. 
^2CD^*;/9'lHl8S4 1 3lC«it$nfclf5':tm-td^5tmSltil8S4 1 4fcA*$ 
15 nTVi-SFB^, h l/v7.i5^ 4 1 1 {C*DViTtiWli->7'U >i5^A;i/X7&«ai:'3$n 

5. u(^i:©«jf^^iNiOjiL/» i7i/-A^©t:x:t<i-^©^ii^fT'p. u^^m 

^fc^«SitIsIlfS4 1 4\t. ««lslIES4 2 0 ^m^m^^tl^o HIS (B) 

i^ji*^e> (i + 2) mu(D3:^<Dm^^omm(om^mmM^(oim^^-ir, 
20 maEiisiiii^4 2o«, ^i=^a^:/M^TA:b$n§ffi^fc.fcDtitfli$n§. i^tcm 

' 1 0 9 75ie>mgiE*^^i^$ns. ^vxnm^\^^4 2 0 tii-^ns n «^$n 
^cM^toDrB^ic^x-f^y^^i 0 1 (fi#mi5i!«m'f '^5") *wte.n, trsj^-r 

y^l 0 1 (it^mM^X-Ty^^) ©:t>XJi^7ttt*x:tOTlCJ;0Klt2|$n 
25 5. lf7':tli^d«§gm^O«-&, miiiEiiiHl8S4 2 05&^e,®^{C{i^mgS*««^^$n 
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5 \z^vitmmmmm4 2 0<Dm^t:BM\zm^^^:itf)mm^> mmmB^4 2 0 

stTx^rffi^irffl^-rs. mt, \^7'^mn\mm<Dmm\z'hm^^^n^ftii). m 
mM.m^4 2o\zm.t^xti-^n'r. mmmmT^i^t-vxxt^n^o o^o. 
10 ati^^xfj-^n^m^m^tit. Wi^mmmzmm^rLrzmmmMi'<omti^'i'i}^ 
e>#^$&$nsffi^icffis-rso ^lt*^^t?«, mmmmm\zmm-^nrcWimm 
w^<Dmti^'?-^^<bxt}-^n^mmz^t>'^x. m^w.m^4 2 o^tg^^fr^. 

;5:^«Mlsl^4 2 QIC, 136 (A). 7 (A) {d^bfcMfiKSrfflV^^J^^. ± 

■ ^ii^h^itisb. ^o:)i:ofs.m^\z\t%m^m\zwsir^<Dx\t.u<. &:M<oj^\^m 
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^ 1 mo^mMn^^o^izwt&m^^ffoxh^i^^v. mm^KDmrnum^izm'^ 

15 #So 

20 ^\z^^\^x\>^x-h. ^M<on^WR-t^^ti)^x^'r. mm-'fiWizmisiXyts. 
nnms.^m^m'^n.. iyv-j^^\zi^tE\^x\^^^. m^m^f-^no^tii^x^ 
^mm0^-^-(o 1 -Domm^m^^x. i nm^ ^m\zmm.hx\i^-d^rs.\m\i£f3i^f3i 
<^oTb*3. ^(Dtzib. in^ftr)<D^mw}i^(Dmmf)m<f3i-oxL^z>. 
^0m^(DmM.tux\t. mmum^4 2o<D^\z$>^^mm^ mx\t. me 

25 (A) T«^«^T10 3> 06 (B) Ttt^»^T12 3, 0 6 (C) X\tmm 
^^1 0 7?a:i:(Cffi^-r^) {C:feW^m^^®»ncD^^2:Bi;fc?^<$-a:^J:t*< 
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5 nu^\tihrzm\zimrdm^\ii:^\t\ -d^o. ^^m^wiM^^m^-^-^^t 
't(DW]rf<Dmw<Dmm\z. imtcm^it^\^\ fsi^^ui^. mmm^iz^m-^ 
n^m^m\t. W}i^^m'^mmf3ia\z^-Dxmt^ik^'^^m^ysi<. ^tz. mitv 
?^vi:d^6Ta&s. hti^vuti^i^. mmm\z\t. mmmi!'\z}t. m^uj^xffix^ 

10 ^mm=s-\z^m^ti^nmmifi. '^mtii%\z^it\.xi.^om'^ifiit)^. n 

-S«<&#*So c:©^^» i^Jid^e.flStc^^»f^^fT-50Ttt:^<, '7>'^j^\z 

x^h, c(D^^\z. mL<Dmi^y>'^2^\zmm'^z.t\z^K>. m^tmi^i)^ 

25 ^DS. 

^^03 (B) x\t. -mr-Dm^m^^n-ox^^^^ii'i. ^n\zm^^nis.\^^. 
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m4 4\z^t^o\z. mm\zmmix'B^mmnor'h^\,\ z.zx\ mm\zw. 

>7,^Mm^ui 0 9j5^@3*$nTVi5*^ :i(D2m(D^jyTU>xm^m^M\z 

5 vieiT, 0 3 (B) iz^iyrz^m^m^4i40m\y\f^mm^m4 5, m4 6\z 
^f. 04 5 mmi^^^<D^^\z. me (o ^m^Ltzm'^oym^^^to 
04 6«> m^iHii^ogu^ic:, me (a) LfcJi^©iHis§<&^-r. 

10 TA:^$n§. *fciiS^II^^ ig^M^T&^e. t>OT:^>^A:/:$n'5o o* 
fd «}; 0 ^ 0 #^ S J; "5 fc T ck Vio 

c:n*T-tt. mm^mmcDm-^iz-Di^xm^x^rzo -a^^^x. ^izxiX'^m^m 

20 KO^-g-tlOViTj^^-S. 

04 7 (A) tCcfeViX, t:x:t»^^|&$n-5ex:a-ft^tt. >'7h^>?7;i$' 
4 1 l*>&^i^$n'&1f>7^U-^^Vi;i'X©i$'-r5>^fCt«&oT1i->yiJ >i^$ ' 

04 7 (A) om^^mt^m^izit. j^wAmm^no. 
visreioji^, ;^-ry5"ioi im^mmmn7.>( y^) d«:t>*^^{c?5:o, j.oit 
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5 y^mizt^ts mmizmmi!)^xt}^tiii<-f3.^rzib. iEm\zm^^xt!T'ti3i< 

mzuy). mm^omMom^trnM-t^^tyz^y) . MM!imWi^%mT^z.tL 

15 yy^m^4 5 2 0tiit} (t*x:tji^) \tmm<Dmm\zm^6n^i!)K m 
^Mm^<DWt^mi^<Drzi^izhm^6ti^o ^^(Dmm^wompL^rctb. 

20 ^my)m^^^ti!)^pjmtf3i^c 

vi^Lf3ii)i^. im^-d^^m.mmB^xmmzmn^n^m'^. mi^(D:^0mx 
\t. mmizmn^xiiT^mmni^^^^o -is. mmoi](Dmx\'i: ^T^mn^x 
iivxh. -rod, )ko^(Dmmifimi^nx\^^D . ^oi^m. mm\zmn^x 
t!-t^mmifi^<is.-DXh^'D, to^ofim-t. 047 (b) \z^ir^z>\z. m 

25 m34 0 2 \zmm^nitMitmt:^^x^mt^::t\z^Kf. mm\zm^t:xij-t 
^mm^-&<-r^z.t-^^xt^o mmu4 0 2<D-&mt:^m\z^im(D 
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^Xtjr^Mm'&-f^-t<lti!)^'Vt^o 04 7 (C) \zlit. 1. 2fTB©^#Jt£ 

5 (s-sp) Sa^-r. ;i©<fc5f3»)f^$-e:53:i:{cj:0. -^moymmrh. mmz 

it: ^Mo^^ s. >^.^M<Dmizmm^nrzmMmm^iz. ^Mo^^i^nn^ 
mb, sisetiictt. ^mm^^4 2 0 {zmm-^nrzhy>z^7.^(o^- h • 
10 v-7.m\zmm-^nrz.^mmi'\zm^omm^um^nx^^^m^\t. m^mi^^ 

m i^m) vxL^-::>rz^'^\zn^it^^\ sfe, mMiHii^4 2o<Dm^wsmt. 

St), 1 ife^J0mSSifllllSS4 2 0©^£»f^^ffoTfeJ;Vi. 

20 -^jtuT, El 3 (B) ommumi^o^^iz. m2^mmLrzm'^\z'D\,^x^ 

X^. ^0^^(r>'^WM%4\4<Dn\^\i^^^^^4%\Z7§Cto Z.Z.X. 04 8 

-'-)5owm\z%\^xwi:^m'{^^^\K nn\z. ^o-'-fjomMmi 

8 7 {C, ^^SUfcHIi^SSria 8 8 lC5^-r. 
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^mm<DmmT'\t. mis (a) \z^Lrcm^umW]m^4 0 sommum^t 
3 (Dimm^m-r. m^imw}m^4 o 3 \t. i^y h i^v^x^ 4ii,^i©^y 

5^0^4 12, ^2 0^y5^|ElSS4 1 3» 5£«giSlHll^4 1 4 <&WrS. 
10 ^SrliiC^JfflViTfllfiK^n, ^nyi7m^ (S-CLK), T.jS'- N/^^l';^ (S-SP). 

uyi7Rm^mn (s-cLKb) *«A:t7$n§. eine.©«-^©i$'-r5>^fct!eoT. 

4 1 2\ZXtf^n^. mi(Dyy'^m^4 1 2{Ctt, Stf^y h®-7'i^5';Hfx:t<» 
15 ^ (Digital Data 1 -Digital Data 3) ^^Xlj^nx^rf. D->y'ij >^/V\^7.i)^ 

xti-^n^^^ s.>^\zm^x. ^mxify'yi-mn^umLxi^^Ko 

A^mWim^\Z. mzCDyy 4 l 3 {t ^ «;/ ^/V\^Xf}^Xi3 $ tl, ^ 1 © ^ 
y^mm4 1 2lC^&j$$nTVi}t3try V(Dzr-J^)V\i^^m^ (Digital Datal 
20 -Digital Data 3) tt, -^IC|I2©^-/5^|hIK4 1 3 Idgm^tl^. "T^i:. ^ 
2 0^y5^lHl^4 1 3 \ZUn-^tifzZ\f.v V(D^=J^)V\iT-^m^ (Digital Data 
1 -Digital Data 3) li; -lff^d<|p|Pf(C^«8iElHlSS4 1 4^hX-h^n-^i' - 

f^2(Dyv^m^4 1 3lC^it$nfc3 b'^:/ V(D^V^)V\f.'f-tm^ (Digital 
Data 1 -Digital Data 3 ) ifi'^mMm^ 4 14 (CA:^ ;^ nXV^ ^ TH. z/y hV A 

25 15^4 1 i\z^\,^x\mw>zf^)yifn)\^7stmti-^n^> e^^jioi&f^^iiojg 
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fS.W 5 Tfi> UzlfiJtVrz^J 7 7 l/>7>ffl^m« 10 9 i^/^W^nfc 

#mMleI?S4 2 0«, SS^a, j^TbRt/^SS^c ^rWfS. m«lHli^4 2 0 

it. ^^a^iftLTXti-^n^mmz^oum-^n^. ^tcs ^i-h^^Lx. m 
mmzw^-^ntzuyTuyx^mmmi^i o dfj^^mmmi^-^n^o ^vxm 

1 1-1 1 3tt. llf^y h~3tfy h©t?x:tm^lc:j;0$!l^ail$n§. ^UTlfx 

WTO-^®ii^> mmTs-iy^ (.m^m.mimT.'iy^) 1 1 i~i i smm 
111-11 3iz^r)mm-^n^o 

m.mM^4 2 0izmi^xti^tvr.. mmm^'i'^^hxxts^n^o o^o. ss?. 
aAie>A*$n<5te^m^i:«> m^mnm\zmmnrzwsmmn^0ihiji^^f)^ 
^^B^n^m\zn^t^o ^Lx:$immx\t. m^ummz^m^nrcmm^ 

25 W^(Dmt!i^=l'i)^<bXtl-^n^^^\Z^iDitX. mMMM^ 4 2 0 (DWL^^^ , 
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mM.mm^A2Q(Dmmt. ^e, mi. mz%. ^40. gi4 2 75:^t^b/c 

10 «MiHiK4 2 0©m^ffilc{cfflVii>c:^;&5ffl3fes. «gitM[si?S4 2 0(c:«. 1 



m,^m^t^Vyyi^7.^ (se (a) t^, h7>>^7.^i 0 2#ffia) ©y- 



20 l^i. 
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8S0il#tt7!>nie>^ViT'fo> fcii;'j-r^l|gitia7&^/J^^<^^fcJ?). «e>o^{C^'2)mM® 

UT\Z\t. imtVT. 114, BIS, 04 9{C^L/fc^®SitlHl^4 1 4©#bVi 
15 iK^<&EI2 3, 112 4, EISOtC^-To 112 3, 112 4, H 5 0 ©^-^JfC^t-t ^.tl 

fcmMifii8S4 2 oicisviT, is^^s i (i^i^n) izmi&om^mmomti 

20 0 ^mm-^t^\Z\t. H 2 3 , 2 4 IZ^T^ O \Z. 6-tt8iEMIfiI^4 2 0 fj^^t^ 

7ictT»f^$-a-'5. ^mtinsis© fences <fcJ6T& -5. h^>v?7>i5' 
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Lfcmmmmmz. me (a) (ommmf^^mmbftm'^om^m^to 
mzs {c*viT, ^mizmif^nrcmmMm4 2 0 it. m^ms i ( 1 ^ i ^ 

5 n) ^m^(D^^m^ I data ^mtjt^i!)^^i()^^m2 <0y y^m^4 1 3i)^^X1j 
^n^St^yHOxv^iS^jUfT^rtm^ (Digital Data 1 -Digital DataS) .Ot^f 

■r-g) High xit Low (Dmmiz^-^x^m^n^, 

>mmt. -yju^j-xmw^ (s d {c^gg^n. •ftfi:^«h^>>;7.iS^i 8 3© 

15 hy>i^X^l 8 1(Dy-hmm\Zit. m2<Dyy^mm4 l 3^62e>y ho 

>mmt. -Mv-xm^m (s'oizmm^n. m:»\th^>i^x^i8 4(D 

hy>i^X^18 2 W- Vnmz\X. %2<Jyy V 5^lsIgS 413*i6,3tfu/h© 

20 'TV^)vM9i^imm^x-n^n^. ^^t^v^y^jx^ i 8 2c[)y-;^0«t ki/^ 
y^mt. -ij\t.v-7.>^Wi^ (s i) (rgM^n, s so 

«Vss»M$n. ««H^>vX^l 8 0~h^>i;Xi5'l 8 20V-;:^^j^ 

-r -:«r« vss fc^j^^n. h^^v'T.rS^ i 8 8 oy-7.^j^t k 
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«^35>e)M^/&^A:tj$n§. ANDi 9 3(Dxt}^'f-o-':^\z\tmmm\zmf^-^n. 

m:B\tf^2<Dyy^m^4 1 3iC^^$n^. fS.iim2 3T^iv ANDI 9 3(DXtj 

5 t^'?<D-':^mmwzmi^-^n. m\ti\£y hm (i s t Bit) ^yy^mmz 
mm-^nx^^^o hi)^v:^mm\tz.ti\zmM^n'f. Ami 9 3<DXM=f'0-:^ 

\tl\fyhm (1st Bit) Oyy^m^. 2\iyh^0^y^m^ (2nd Bit), 

iSLn3}£yhm(0yy^m^ (srdBit) m^'fm^--o\z^m^nx\f>n\t^^\ 
10 0v-xm^t h* w >mm<o-:^iz^f^-^ti. m^immm'^ 1 s 9 (d-;^®^ 
m«i 9 otci^ii^n, m-^\thy>-J7.^ 1 s 6(DV'-xmmt\^u-(>m^ 

1 8 9 0-;^Ofi@«, h^>v7.^1 8 3~h^>5?;^i$^l 8 eO'ir* 

15 -hmm\zmm-^n. m-:^(Dmmitvs8^zmm-^nx\^^^. mmm^i s 9«, h 

-?-L'TmMlHlSS4 2 OTJi, h^^i^XrS' 1 8 7:RZ^>^>vX^ 1 8 8*^:^ 

y\zii.^h^^U \ 9 0Jc^gg$n;feU7 7U>7.ffl^«M (I2i^-&r) 

20 mMJ&^S^HTl 8 9lCglEnTVi<. iioa:^ h^^v'X:^^ 1 8 0~ h^^v'XjS^ 
1 8 2\ti!-pX%^. 

■ *-^LT^>Jr{c^«^^ 1 8 9icmi^*^«$nvMm™{cm&M;6t4Dj&je)5o 

■ebTMS@FBl©«ja^*«Vth 113^5 V=7yV7.^ 1 8 3~h^>>?X^ 1 8 

6 \x-^y\zn.^, 

25 i^S^^ 18 9 tC:feViT. . ^<Jm%W%^^. 0 h ^ 18 3-1- 
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^bxmwo)mmi)mj't^ t. hy >i^x^ i s 3 - h ^ >i^x^ i s e «^ 

(Si) lC#^i^$n-5Sgii«. VyyV7.^\8Z(r>YV^yim.t.. VyyVT. 
iJ'l 8 4©HW>«giE<i:, 1 8 5©H^-r>«gfE(?)^?n<!:;^'5o S 

10 fc> h^>i^7.i$' 1 8 0O*.j&t^®)K^{c:;ftofci:^t*, h^>i^:^^l 8 3<3!)H 

v^y^m^omm^u (s d 

^:o<t 3 IC, h ^ >>?X r^' 1 8 3 ~ 1 8 5 0^- h C t H<J: 0 , 

u^. ^z.x\%. n\:>mz^m.-^mLVyyv7.^nx. WL'^^mz^^mk^ 
15 ^^\^x\^^f)\ z.twzm.'^^tiu.'^^o m7L\i. s'jo^j® h^>$^x^tfe, 

^M^f ii<i:;&^*T#<5. ^(Dfzt>. wcmi^^-t^o\z>jmfmm^'^m-^:Lt 

20 <itifix^^o 

ViT. h5>i?X^ 1 8 2 iit^JfcX^yf^2 0 3<&BBML,;^cJ®^(Dm5!iiEMlHl!^© 
|H18S0^0 5 1 \Z^-t, EI 5 1 {CiiViTti. 0 3 ^Ig^iif^l^tCtt:t7 

25 \Zh. 'ttlJ^9\-On\Z\1:ty\Z-r^c 

C©t#112 3> 02 4. 05lT-«. h^>>?7>^ 1 8 30K 
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hy>i^7s^l 8 4(DVU-^ >m^t. h^>vX^ 1 8 5(D\^U^>m^^l : 
yyVX^l 8 3~1 8 SOW (5^-\'^JH|g) /L 1 ; 2 : 4 

5 ^i5. ±iibfe.J;5lc:. tfx:tM-^«iii^©$iJ^i:«SSililHlSS®$W©2o0ffl 

AND 1 9 3 0XM'f(D-:^\Z},tm'&mmm. m^\m2 (Dy y^Wl^4: l 3 \Z 
mm^n^o ?5:a^2 si?^*, andi 9 3®A:^;j^^®-:&ti^^^J'^^^ 

10 i\^yhm<Dyy^m^izmu-^tix^^^, vfi^L:^mmtz.n\zm^-^nt. 
■^rm 2 4 tc:«. 0 2 3 t.\mn.-^mkm^(r^^uwmi4 2 0 <£^-r. 024 

l'^T«MliI?S4 2 0 h ^ >>?X:5^ 1 8 6 ~ h ^ >v;^^ 18 8 (0\\t> D 
15 lc;^-f 9 1. X-f y^^l 9 27&«BB«^nfc«fi£{c;^oTVi^„ 

y5^1 9 1, X'f 5/9^1 9 2Htt ANDI 9 3 om;^J^^/&^e»{I^*^ 

A:^$ni). AND 1 9 z(j^x-hnr^<i^--i3\z\mmmzm^-^n. m5\-iM.2o=7 

•y 5'lsli^4 1 3 \zWk-^t\.^o n.^m. 2 3 Tli. AND 19 3 CDA;'3J^i^O-:^M 
ti^lC^^Sn. >n-3' l 9 4 *:frbT 3 tf-y hffl (3rd Bit) 

20 iHigsi3^^snTVi-5. L*ib*^^«e:n{c:Pi^$nr> and 193 (r>x-h^=f- 

©-;^ttl t'y hffld s t Bit)(Z)^y5^lHl^, 2 t*u/ hll©^ ^y5^lElgS(2ndBit), 
S.QC3H->f;ffl07y5^l5ljS (3rd Bit) ©V^-f nj&^^-t)Kl#i^$nTVinJiJ:Vi. 
;^:fe0 2 4T«:S-f 75^1 9 1 1 8 5 0}>*k-r> 

0iii{cgi^^nTv>^*v *^^ttcnicK^sn-r, T.-fy^i 9 lo-:;^©® 

25 =f-\-i.YzfyV7.^ 1 8 3~hv>e^7.^ 1 8 5 ©ViTn75^-0<Z) H >M^fc 
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•>5"lEliJS (S2 4TJi3 }£y h^CDyy^m^ (3rd Bit)) f^AND 1 9 3(DXt} 
5 ^LXm 2 4 \ZmtM^U^^4 2 0 ;^-f 1 9 1 RZ^T.^ y 5^ 1 9 2 

1 9 0 izt^m-^titc 'J 7 7 i/>;^ffl^mM (la^-i^-r) 
Sci3i>«h^>vx^i 8 5^i\-bx^mm^i 8 9{cggnTiKj*kiJ^^tt. 

10 J^liTtt, 02 3, 24 IZ^TM^Mm^ 420 J&^^S-T -5 h ^ > 

7s^\t±x n^-^^)vm tLtc-^^. ^^m\t::tnzmM-^ti-fSi\f\ p^^^jvmo 
vssTtt;a:< Ydd\zmm-^n^^Mit±mLrcmmzm'r^<Dx. mm\t^mr 

15 -5. 

^fc, p^^^jmcDhyyi^X^^m^^^ym-^. VSS i Vdd <£Atl#;^}5:l.i 

^rc^Mo}£y h^<Dm^^nom. :^mm^0^izvx. ^mt^m^^ifp 
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5 imm<Dmm6) 

m m^-f) izmm-^nrcmmmn^omti^^fj^^xtt^n^m^^^rzt 
tti^ufc. ?^:fe02fc*3ViTtt, mmmmLx$>^f)^. Wt^MmtitlSc-fS.^ 
SB^Tfe^o mMmn\z\mmMmmmz^m.-^nrcmm^nf-<Diiiti^i}^^A 

^VXmmkmmMT<D2-D0yXM=i'\Z\t. -':^\Z\tm2(D^y^m^4: l 3 

5~03 i^mi^^xmmir^o 

^^m(Djr^mx\t. 11125 (b) \z^-tJ::^\ziyu-Msmm^^Mb?s.\'mm 
15^ iy)vyu-A:^^tmm) t. m26 (a) iz^-r ^o\ziyu- j^mm^ 

20 |l|g!:©-U-:/7V-Ai;i4)-iyr§Ki!i;^ {D-:ryu-A:&^tmi) izi^mi^xm. 
ij-::^7 u-A:^^\z'D\,^xm,mt^c 

mn^ mmMmmm'PM^^m^o^m^mmiz^^^xit. yu-M.mmii\t6 0 

25 iHzlSSTabS, 0^t)gr2 5 (A) fc^-r<t'5»C, 1 ^Fb^IC 6 OIhISS©®® 
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7)Vyv-h.l3^om'^. 02 5 (B) (o^o\z. \y u-hMmz^^^x^^ 

1 nuis'^mmfB^xmsihtzmz. t c x^-trnf^^m^^. is.^^w^ 

ST^, ^LT, 1112 5 (C). -02 5 (E) \Z\t. ^r^^T c TOtV^tMOlS 
10 LVi. 

S2 5 (C) -mtVXiyU-A^COmmTc HZi5Vf^}fy':tm^<D 

w^^r. ^2©7 5/5^iHiss4 1 3*^e> i mBizmit-f^ntcmuMm 

m^(Diiitii!}^mgh tfsi^^o\z. tfx^rft-^^w^^j^-r^. ^25 (d) \z 
it. 2yu-Am<DmmT c 2\z:is\,f^\fy'-tm^(Dm.m^^r. z-ot^. 
15 0y^y^m^4 1 3f)^ib j mmzmi^e>nrcmi^mmn^<Dmf]f)^mgh tfs,^^ 
■o\z. \fy':^m^(Dm^^mmt^o 025 (e) izit. syu-ABoymmrc 

B\zmn^tircm,mmm^^(Diiitiii^ mgh tfs.^^o\z. t:*x:tfi-^©»^$ij 
mt^o 

20 u^m^mmr c t\t. m^mmwsm^ti^^r^mikommmm^oyot,. 
m^^nvmmmm^^fi^t^m^\z^^t^o -D^om^mmcxit. 

mim-^ti^. tvxm2 5 (o ~ (e) iz^t^v^z. yu-Ammm\z. ^ 
^^c, mMmmTc},tyu-j^mmtyu-j^mm(DmEizmiff3i<xh 
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J:<. 17l^-A^rBl0^::{C^^tT^><±:Vio ^fc02 5 (C) -02 5 (E) X' 

5 ^bT, m'^mmmm^<DmMmm^<Dm^mf^txt!W}f^tt:m\zx^^m 

m\z:j$\,^x. m.'^Wi^^n'Do ^Lx^m\z. xtimwhno. 

mmmm^<DmM.m{^txijm^t^mm\zx'^i3.\^^m^\t. m^mmT 

u^. mmwM^<Dm^mf^txtiW}f^t^mm\zx^^m^\z'h, n^mmT 
m^Wii^^n'o^v\z\^xh^\>^o 

\t. 02 6 (A) \z^-t^z>\ziyu-Amm^&^<Dmfs.^^m(D-i)-'fyu-A 
mm\z^mt^o not^o^mmt. mm\^yhmzmv\^^m^*^^^^o mze 

20 X\t. -^ji:LT3 0®U-::^7^-A^rBlSF 1~SF SfC^tJUfc^^^r^T. 

■ ^'^':ryu-2^mm\t. 7]'V7.mm (Ta) t. D-XT'-iymm (ts) 
mr^o 7}^u7>mm\tmm\zmn^m^'^nmmx$>r). ^ii-:fyu-Amm\z 

:fett-&ft$«^bVi. -y-Xx-Omi (Ts) \t. 7\iU7.mf^ (Ta) \Z^\r^X 

m^ih^nrzm^\z&-:^\,^xmytm^f)i%^t:nommx$)^o 

25 ^'^yU-I^:^^\Z^\^^X. mmTc^Bn^t^\Z\t. 02 6 (B) \z^t^ 

v\z. ^^D-:^yu-AmmsF\z^\f^^7 ]iuxmmT af)mjvrz^\z i mtz 
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bTfej:vi, ^m±T<DD-':fyU'-Amm\z^n^7 }^u7.MmmThrz^iz. 

u-Ammmz. mmT c ^mn^^-o \z bxh^\f\ 
5 D-:ryu-A:^^\z^\f^x. mr^T c^wi\i^tt\z\t. 02 6 (B) \z^-r^ 
D\z^^^':fyu-Amm(D7\^uy.mmmTLrzwzimrc^mmvxh^ 
viL, 02 6 (c) \z^-t^^iziyu-Amm^\zm^mmmvxhJ;:\^\ 

(ifx^tffi-^fcffi^) ifixti-^ti. mi5\z\WL'^mmm^^m^ifix-ti^n^z. 
15 i:«±56bfe. ^c:t> 01, 2\z\mMummmmhx\^^-fs.\^^-m. wc^mn^ 
mti't^Wim^'^i'oxi]^'^t'iw^\yx\^^m^mmt^^d^i]-^n^mno 

WM^mz 6 (B), (C) C^T. 

02 6 (B) (C) \Z\t. WC^mmU(DWL^^7TCt. 02 6 (B) (C) XZyrC^Wi 

20 T0^Fb1 (^^tSSFelTbih^iB) lC*5ViT High {c;^.5J;5tC^^bTViS. 02 
6 (B) TttiS^^r^T c timJ\^Xti-^^7\^ VxmmT ai2t^Wi^-t^^Xa)m 

IS mMm^Thi) \zik^'^x^mmnom&mm%h\:^u%^'^\zm.^h.-m 

2 6(C) T^gg^^JfelT c mm l^Xp e. 7 H KX^Fsn a 1 ifimt^ 

iiFe^ (i5jt»ir^Tb 1) t. mmTcf)mihxi)^^7YV7.mmTa2ifim-t 

25 5 ^T^^FbT (WC^mm b 2 ) ViTi9:^$9^SloW7&« High i:3^5 J; 5 
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5 rztiu m^^mmmmzmm-^nrzmmmm^comMmifi^tKtimwt 
" tji^±mvrzj:^\z. wt^mmTc\z^\^^x\t. m^mm^^f)^^t^mmM 

m(DmnmmW}m$&\z^ii^^mmi^m^onmw}i^o^^2,>-^\z'D\r^x. 027 

m27\z\t. #^ij{cio©m8itjiiiHiss4 2 o^see-r§3i-&^^-r. $;'ti§i28 
^^jic 2o®mffliHi^4 2o^mm.-t^m^^^ir. ^2 7 (c:^-r«jEKT 

izno:itm^^^mMm^4 2o^m^^^z.t-fy^Bwtu^o -■^^ m2 8iz 
20 ^tm^x\t. ^m\z2^(Dnmmm^4 2of)imm-^n. -:^\tm^mif. m-^ 

.\tXtimi^^nv:Lizi)^m^^o ^^fztb. 02 8 (cfflVi^«8itiIllHis&4 20©^ 

J«tt#l3|g^$5lStli. U^m2 7. 2 8\Zmtm^m^4 5HZ\t. x-tJ'^^ 

^LXm2 7, 2 8lC43ViTI51t^'#6|om#©Mfc:oViT02 9$:^UT|» 
25 ^r7;i'7l/-A;&^©iStg«!lP"5S©fi-^0&?^{c:":PViTS2 9 (A) * 

ffiViXgJBJU. ^Vit?1i-:/7U-A:^^©^ll:!&l1l|i^0(i-t©J^?^JCOViTia2 9 
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(B). (c) ^m^^^xmmt^. 

y)i'yU'-A:^^RU-D-zryu-M,:^<Dm:^mt. 029 (a) ~ (c) 
5 'Mm^mmTc-fymitb^n^^x<Dmm\zm^Wii^t:nz>:iti!)mm^o 

10 Ltz^i-oT. mmMMmm^W)i^^n-DX\^^^m\z. ify^:tmm!)^^ifr^z. 
iif)^^-oxh. iBitisiss4 5 1 iz^o. nMiytimmwMmm^-^nxi^^^rzib. 

timi^t^mm\znf>zLti)^x^^m^\t. mmmMm^xijmip mm^(^mm 
15 (Dmij) ^n-Dxi^xh. mmmmmizmMm^^nviitTi^x^^o mmmmm 
f)^xtimi^ (®^^©«giE©m*>) ^nommtLx\t. T}^uxmmf3:iii!)^^<o 
-miz^^r^o 

1 y u~i:,mm\z\t. m^mmr c ^ 1 -Dmi-f^rdifxitf3i<. m^m^fx 
feckK ^fc, mMmmTc\t, iyu-Amm(D!iz.]zmifxh^\,\ ^tc. 1 

izmm'&r^z. imBi}^^mmm(Dp^. nmm\z:isn^mm^m^(D\dy':^m^- 

^v>T> ±B&tim-/3i^mtvx. ^m\z 1 •z>(Dmmmm^4 2 0 ^@3»-r§3g 
■&{c:oi/iT0 3 0 ^m^^xmmt^o m 3 oiz^rm^zxit. ^miz 1 zxDmmm 
25 mm^mm-^n?>, ::<Dmmmmmt. mmwsi^txtmip^mmiznvctitm 
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EI 3 0 mmmn^4 5 2 ^sbsl> istii5ig§4 5 1 oti^Mtm 

::(D^^\zmm^nT4 5 z^^wr^ztiz^o. iBiiiEigS4 5 inAmt^'r 

1 (A) -nisi (c) {c^r. *-r7;P7i/-A;^5C(c:*5tt^mi2^uf^2iBti 
M^©WJcoviT^ 3 1 (A) ^m^^rmmv. 'A\^^i!'^':fyu-A^^\z^ 
15 ^t-5lll^^a^m2iBtt$!I^illo^^?i^^3o^iT|g3 1 (B) (c) ^fflVixiJi^g-rs. 
y)i^yu-j^-^^-RzS-^':ryu-i,:^^Of^:^^x-ii. msi (a) ~ (c) tc^ 
-Tck a (c. ^ 1 iBti$iJ^^0MJi, ^^^F^n c (c^3 t^T High t 5 J; 5 fc^ 

20 7 H ^;^i8^it«, m^^[HiK4 2 oi)mm\zm^<Dmm^^^r^mmizm^ 

^o.\zm^^n^, tot^t. mi(&mm4 2ox\t< m^mi^x\txtimmi 
fft>n^^z>\zm^-^n^o '. 
•D^o. m2$^^mm'^^mmT^:it\z^-DT. mwMmmm\zmm-^ nrz 
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^x$>^, 7\^u7.mm\z^\r^x. mt^mM^oxM^ mm^ommotiit) 

^fT3^^*t^<. ^0)t^\Z\t. mSl (B), S3 1 (C) 0^Z)\Z. 7\iU 

5 i^(Dmm\z. mmmM^<oxtimf^ mm^(Dmmo)mt) ^nvm'^\z\t. ^© 
^rBin:feviT«, ^ 2 mm\mwi(D^m^ low \z vmmt^ v^. 

10 mgitMlHl8S{Cl|g5i£ftj|&-r'5 U 7 7 ^ 1 0 9 Ji, S:K±tC{t-^^ 

&^±\Z-^mf$.t^m'^\Z\t. liI6~08. 039, 040, m4 2l3i^\Z^V 

HIS 2 tea. -mtLx. mhmmfim'^. oso, y-htcmEE^inA-s:;^^: 
rcnx^\,^m'^\t. mm^z. v=yyv7.^ i s 4 o, 1 s 5 0 

20 3 2 {'^-rm^^&^egiJi^fntfJzVi, 03 2 j«T f <&^LT, ^^t-SB^S^^, 

h7>i?7.i5'l 8 30, 1 840, 1 8 5 0 (CfilW^y- h@m^lS®-r^e: t 

<-«J:t), S8S©:*:#$S:$!l^LTVi§. C:0<J:^, h^>':?X:$'l 8 3 0, 

1 8 4 0, 1 8 5 OOW/Lfil^l : 2 : 4 tbTlStf-T^t, •en-i?n©^>-«8it 
«1 : 2 : 4<i:;^'i», 

25 ;*c(C|g3 3 (A) t:::feViT, J&^e>mjit*#^liS&-r5^^lc:oViTKii'^5. 0 
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U^. 0 3 2,033 (A) ^Z^tm^OWi-^. mM(cmSiS^SitbTVi§PBltt, 
^tzmSS (B) iZ^t^'D^Z. 03 3 (A) <Dm0^\Z7.-r y'^lS 7 0. 18 

0, 1 84 0, 1 8 5 0 ©er- hl^^ SVitCig^StlTVife. 

15 lHlSS{;:ti, 06, 07, 039, 040, m 4 2 fS. ^\Z^-tm^^Mm-r ^ Z tf}^ 
?5:*503 4fC^LfclHl?S«, 06 (A) (D^^^mmhtzmx^^^o J;oT, Wt 

^miiFtxt!mi^t^mm\zn^ysi\^\ u^^o^ot, zioisisso^^, U77i/> 

20 xff3^-mti^^^» 

mssizit. 0m^t^'^rzm'tiz-D\^^x(Dm^^r, -d^o. m44\z^vrzm 
^^mmvrz^jyrv-y'xmmmMi o stc^a^r^. #*i{b©^^,-0 3 2, 0 

33, 03 4<D|sII^<&jifflbTfeJ;Vio U5&^L-?^/{><e, llW(::#^iS&$n5«i^E0 
03 5®«k-5(C, lOCDm^^ffiV^T, #>^?©m^^^^llleII^S^C^bT 

j5:*3*iiisoM«^ ^moim 1 6 Affile fcm^^b-frs d 
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:$^^m<D^m(Dj^mz'D\^^Xs 4^mi^^xmMt^o ms 4 (a) jc^svix, 

^lA, iBiL, mm^z^^l^^n^m^mm^Idatait•r^t. iA=iB+idata75SfiK 
^^fi^^T^jz^^ci^^-rs. e:©^^, lA. IB ^:k^<r^ii. mmiznr^m 
10 z.(Dtt. mm^A^m^^x. mMBo^^Kjf^^fr^. si^ictt. m«iMA 

S5 4 (B) tc^stiT. 'jyTuyxmmmmm (UT^nmt^m) c> e 
15 ®*«i5©±:^tT:&tcsBg$.ti§o ^L.T> m^zi^x. E^fflv^x, m^mm 
mm^. ^mMm^\zmm-^nrzmmMm^(Dm^m{^^no, mmmDit. mm 
Mc. E^m^r^mmm\zm^L. M^^^^^jyTuyT^mmmamm^n^o 
HIS 4 (B) \z:^ux. T:^izmmLx^^^mmm^^mwMmm^ 
<i:bT=fej;Vi. ^ntCcto, ±:^tT:^(Dm:^\zm^mmW}mmmmxt^o -e 
20 bT. €->5r. mm mm^±m o±T¥^-ro©sa«Bi*fi^fs. ::®j:5fc:-r 
^c<»:T% mm\z2n^(Dmm^mmx^:^o ^otztb. imumwimmcDmmm. 

^mmommit. mm<Dmm>r-- 7 t^Mizm.^^t>ii:^ z. tf)i-^mxh^o 
25 (.mm(Dmm9) 

z:n^x0mm<DmBx\t. ^\z. m^mmmm7.^y^i^^^^T^m^\z^\,^ 
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|lI2Ht?ViTli0 3 TlC^fo mZ (B) tCOV^Tti, HISS (A) iC^-To iltl 

:i(Dm'^(Dmmmj$.^z-D\^^x. mmm^mss (b) jc^t-o a^owf^ 
■^mz-Dif^xmmzm^^o ^r, ;^^!y^>i^fflh^>>^Xi5';&«:t>©B#, -n^ 

mmmmuEt:m\^^x. ^^mt^m^-ox\f^^o 

mmt^o tvx. m.wm^*^-^(omm^^^^^'^^z-r^rzi!b\z\t. 
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:k\z, 05 5 (A) \z^vrz^mmM^4i4(Dmv\^^m^'^m5 6. msnz 
5 ^-r. njiT, mseit. mmmm^(Dm\z. me (a) ^mmvrzm^<Dm^ 

^^■to msiit. m^m^^0U^\z. m6 (e) ^Mbfc^^oiEigs^^-r. 

0 5 5 (A) ©«giiiIg|llK08B^^{C, 0 3 7 L3tii^lCOViT#A 

tt. m»iHi?s®^^)'ic, gi6 (A) ^mmhrzm^(Dm^^^-to WM^um 
10 •r-sjitic.to, —:^<DmtiiM\zmvxmMmi^^m\ mmiz. 'b^-^&os^s 

nwM^4 2 0 (cinATiBfii:[Hiss4 5 1 ^^r^mmz-D^^x. mnm 

20 i^m&omWiX\t. IBltlHlilS4 5 l:^?gBB$nTVi§^|-&©m#i^KillHl8S4 o 

3 (omm^mmz-^i^^xmmr^o 
mvrcmM^mi^'r^m^\z-o\,^xm^^o 

02 7 {C^Ufcli^ifcOJ: O^^Vi^^*0 6 2 ,063 iC^f . 062 Id^Lifc 
25 iHlgStt, 06 (E) ©laK^jSfflLifcW^S. 06 3iC3^bfcInIKH, 06 (A) 
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mil) ^mmzno^tit^x'^^. btcit^^x. xtjmi^^n^7\^v7smm\z 

m^x.m2 soi^n^i^jE^*. @6 4tc^-r. 06 4{c^L/:/^iHi?stt. me (a) 
m6 4x\t. umu^ift-hx^ti^-^n^m^\z^r), mmmm^<DWii^^mK)m 

i^^n^x\f^u\f^:^<Dmmmm^\zwi^mf^^nvcti!i^X'^^o ^vx. 

m^X. 03 0©#LVifl|^$. 06 5{C^-r. 06 Sfr^b^cHIKtt. 06 (A) 

15 (Dm^^mrnvtzmx^^o me 5x\t. 5 2f)^^m^-^n^mmz 

'A\z. 3 tr^y hoy'-y^jmrn^^^n^m^iz-Di^^xmBAir^o 
m2 7iz^vrzm^<D^omL\,mfSL^m6 QizmTo me 6\z^vrzmmt. 
20 06 (c) (Dm^^mmvrzmx$>^o 06 6tr«, nmm^(Dm^mi^^n':> 
x^^^mxh. mm\zAtimi^ mm^o^mmmt}) ^no^tuj^x^^, vrz 

\ZUW-^tlX\f'^^fzii>. ^y^^f^(Dmt<D^mitoil^f3i\,K 
25 0 2 8 iZmVrzm^0^\)mV\fm^'^ e 7 t^-r. 06 7 H^i^Lfclel!^^, 

06 (A) (om^^mmLtzmxi^^, 06 7 -c^, iMieigsoDig^sif^sfTo 
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{Cff"5J:i:*^T#§. tfc7&^*oT. XM^^no ^tiZf3i^7 }^U7.mm\Z^\,^ 

10 TU>7.m^m^mmv. ^\dyh(Dmmmm^::t\zm^mi^^nz>^o\zLx 
15 wfom^^:itf)^x^^o fs.^, 06 8T«, ^jy7U>xm^mmmsommm 

20 

25 0 5 9©:^^©J:t)#LVi«|fife<&^6 9.0 7 OlC^f. gI6 9 IC^L^clelKtt. 

06 (E) (D^^^mmLrz^x;^^. m? o\z^vrz@m\t. me (a) <Dmm 
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10 x}tu\f\ vftufi-ox. \£y':i'm^f)mitvx\^^^mmx$>':>xhs m^mmmrn 

^6 o0m0^o^r)WL\,^m^^m7 nz^-^o mi i\z^v^mmt. me 
(A) (Dm^^mmvrcmx$>^, 
15 m? ix\t. nmwM^<Dm^W}f^^ff^x\^^^mxh. mmm^^^^-^n^ 

^^froJY U7.mii\z^^^x. xiim'^^n'ox\i^i3.\^^i]0)m.mMmm-m.'mi 
(A) om^'k^mhitmxh^, ■■- 

mi 2T'«, wm^w-^f-A 5 2tcj:D, mMMM%(Dwt'^m^txtiWi'f^ mm 
25 ^imm^nx\f^f3.^^m'^. o^o, m^t\mfsi^^ii(Dmmz. bfx^a-fi^fc 
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5 ?i*5m«ifiii^{c«, me. 07. 039, 040. m4 2f3i^\z^'rm^^m 

10 ^m^^M'pmytmmmo^^mm^z^i^^xit. y u-^m^mt e o h z mmx 
$>^o ■3*0014 (A) iz^t^oiz. im^\z6 oj^mm(Dmm0mmi!)miD 
n§. ciniCcfcD, Ammmzyoy:^ (mmo^-^^-Dt) ^mc^ii^i^^viz 

:^mmmxit~mtLx. m:mi<D{ikmizx^jkm-^nx\,^mmmm:^^ 
15 mmr^. mrBwm:^^xit. iyu-Amm^^w^(Dif^yu-Amm\zm}T 

(014 (B)), 

20 m-^^yu-j^mmt. 7\^ux (m^^Pf-) mmTat. ^7.^^> {^m 

T^S. C:<^i:#, 1?-;^x-r>M8FBlTsl~Ts 3H, ^Oft$CQit$:Ts 1 : Ts 
25 2 :Ts 3 = 4 : 2 : IfT^, OSO, n If y hpgp^^Ji-r^igj, niSOIf;^ 
'T^>mSi<D^-^0\k.\t. 2(ni>: 2(--2): • • • : 21 : 2o tf^. ^(^x, 
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i^mmm-vmi 6 (B) \z^tmm^^mLxm.mt^o mi 6 (b) \z^-rm 

l)^^2<3[)^^^6 0 Sd^SJ^^nx, TFT6 0 6, 6 0 7;&t:t>T§. C:©^^. 

fi^i^e 0 1 <£^n§^g5*fi^mM I data t^i^o ^vx^mm'fs 1 0 \z\tm 

^(Drnmrnm-^M t. m i om^^ e o 2 :tea:o^^ 2 o^^i^e 0 3 ©ii^jo^* 

10 i^TbX, TFT6 0 6> 6 0 73&t:t7t"§. 

iimiSi^tlX. TFT6 0 9>i>^*:t>-r§. ^»^^ 6 1 0 

^©mW^^jt^tlTVi'Sfe*. TFT6 0 8tt:t>LT*50, mM6 0 53&^^ 
ffi^m^ I data le:^Uli«gSE«n-5, CintC J; 0^5^^^ 6 1 1 *«%^-r^.; 

m^^it§:\^\ ^ft. i^-zfyu-Ammo^mmt. iai4(B). (c)\zmr^o\z. 
m'p. y>^Aizw.Ajx\^^xh0k\^\ ^^iz^yu-AMmmx. ^om^fi^mt 

20 bXhBk\f\ 

Sfc, mnB<D^^m(D1)-:/yl'-AmmSF 2^mi,4 (D) tC0^«, EI 

1-4 (©r fcs^r s«k 5 {c, ii^T«T uT^mmr a -2 >&^i^7 i^fe \z 
25 TjB'^s. mmmmf^(D^^mmzmmLtim^(D^^^>^^^-h\z-o 



i I 

wo 03/038794 



PCT/JP02/11279 



72 

10 oT*50, jo^t?, m^mmmm^<DmmmmmmMmi^txtiW}^t^mm\zn 
^cttiix^fsi\^^m^x$>^, 7]iU7.m^t7\^u7,mfs^(Dmiz. e^mmmm 
^(Dmm^m^-/)^xt}mi^ mm^cDmrnomti) ^n^xDit. mss (b) 0m 
^^mm^^vxi^^^bm-^izm^t^ztt^^i^^. 

15 m-u-^^^^o tmt. m2 7. m28. m3 of3iif(D^o\z. ieitis]^4 5 1 &w 

20 ffa^lt^^T^^o 

{Cfr-^^l^iT&iT^^ig-g-^. 7Hl/7.fflrBl{C:feViT'b, m^^^ijUIKomgSjIIlHl 
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j^HtTUffLT'b.tvio :L(o^z>\z-t^z.tiz^o. mmm.m^0m^W}mznm 
10 . mmm2) 

*^]6S«3|T«, ®?gS5lCi9:tte>n§iii^©lHl^O«lfi!c0!lfCOViT01 3> 0 7 3 

15 El 1 3 (A) <Diij^«. 'fi^^ 110 1, ^1 2 (D^^m 110 2, 11 

0 3, MM^ immm 1104. 7.^y^>^mTFTl 10 5, -(Jft^ffiTFT 

1 1 0 6,!^wjfflTFTi 1 0 7.^mmmmTFTi 1 0 s.^mm^i 109, 
^^«Ti 1 1 0 i:^^T-5o fi#iii 1 0 1 «m»i2iiiiiss 1 1 1 nzmm-^nx 

20 ?5:43, mmUm^l 1 1 1*^ M^iS!^»JleI^4 0 3(c:EM$nTVi^mdSt^IsI 

110 2 \zmm-^n. m 1 <omm\tmnm. 1101 tci^ig^n, ^ 2 

tt^MTFTl 1 0 7®mi0m^<i:, ^mmmTFTl 1 0 80^1 
25 t\zmf^-^nX\f^^o «^fflTFT 1 1 0 6®y-hmg«, ^2®^^i^l 1 0 

3 \zmm-^n. m i (Dmrnmn^^^ 1102 m 2 ®m@«^«iffl t f 
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Til 07oy-hmmt. ^mmtft 1 1 osw-hmmnzmm^n 
TVi§. mmmTFT 1 1 o 7®^20m^tt. mmn (^mm) 1 1 o 4tc^gg 
^mLmm tftiio8©^2 (Dmm\t. ^ytm^ 1 1 1 o <D-:^<Dmm 
izmm^nxi^^^o ^«^^i 1 0 9it. ^jfemnifflTFT 1 1 0 8oy-hm@ 
5 omstof^fc^i^^^n. ^mmsiffiT F T 11 0 8 ©y- h ♦ y-xram 

m^^mt^o (M^) 110 4*5j:tX^5t^Tl 1 1 0©M::)&©«i^f;: 

fs.^. 013 (A) omm^ts m4o (b) (om^^mmizmmv-^m^iz^^ 

10 ^13 (A) ©ffiiifflTFT 1 1 0 7/&^S4 0 (B)©TFT12 6fC 

ffiSL. 013 (A) ©^SIIKftlSTFTl 1 0 8*?EI4 0 (B) 0TFT1 2 2 

E113 (A) ©^J^^TFT 1 1 0 6;O^04 0 (B) ©TFT12 4»Z: 

01 3 (B) ommit. 1 5 1, miRxsm2<oM^wii 142. 11 

15 4 3, m^UimWM) 1 1 44, X-r u/5">i/ffiTFT 1 1 4 5, -(SjtffiTFT 
1 1 46.^mmWjmTFTl 1 4 7.m«)fflTFTl 1 4 8,$S^? 1 14 9, 

114 0 1 i£wr5. mnm iisi 1141 fc^gg^nx 

J5:*5. «MlHlKl 1 4 1;&«, 'ft^^lKi«)|5IgS4 0 3 tClBfi^nTVi'SmSlEjIllHl 
20 8S4 2 OM^-r-So 

^13 (B) (Dmm\t. x^y^y^mTFTi i45(Dy'-hmm\t. mkd 
M^mi i42\z^m^n. mi(Dmm\tm^mii-5tizmm-^n. m2(D^m. 
\tmmmTFTi i48<Dmi0mmt. ^^mmmrFTi 1 48c[)mioDm@ 

itCSig^nTViS. iS^^TFTl 1 4 6©y-hm^tt, ^2©^^^! 14 
25 3 tg^$n, mi®aMJSE»fflTFTl 1 4 80^1©«@«^$n, m2 

©«® T F T 1 1 4 8 (Dy- hmmt; Mwmmm t f t 1 1 4 7 
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hmmt\zmm-^nx\^^^.mmmwimTFT 1 1 4 7.(Df^2<Dm®\t.mmu(.m 
mm 1 1 4 4\zmm-^n. ^mimmrFTi 1 4 ? 0^2©mM«. ^^^^ 

1 1 4O©-;&0«@lCg^$nTVi6. ^S^i^l 1 4 ^l^imMTFT 

1 1 47 <D^-hmmtf^2 0nmt(Dm\zm^^^n. ^^emtfti 147 

iSii^. mis (B) ©ia^«. 0 6 (B) (Dli]gS<&il^lCjifflbfc«'&(cffil1- 

013 (B) CDfggl^l&IHTFTl 1 4 7«6 (B) ©TFT 1 2 21:: 
10 ffiSb. mis (B) ©liSlfflTFTl 1 4 8i)m6 (B) 0TFT1 2 6 ICffi^ 
Ell 3 (B) ©^j^fflTFTl 14 6*^06 (B) ©TFTl 2 4tCffiS-r'5. 

01 3 (c) mnm 12 1. mico^^m 1 2 2, ^2©^3£^ 
112 3, ^3CD^*i^i 1 3 5> mmu (Mun) 1124, x-r«y5">^*fflT 
FTi 1 2 5, mmmnmmi 1 3 ^^tfti 126, ^sj^tfti 1 

15 2 7, ^«m^l 12 8, m^MTFTl 1 2 9, 5^-TFT 113 0, 

^113 1, mmXtlTFTl 13 2, ^itTFTl 13 3, ^^^^1 1 3 6 <>: 

^Srwr-So mmmm^^i 1 3 stt, st^ta^H^i 1 suzm^-^n^o 
mis (C) CD®^«, y^y^mTFT 1 1 2 5<D^-hmm\t. mi© 

1122 iC^gg^n, 7.^ 5^>i>'ffl TFT11250mi 0«M«ft-tll 
20 1 1 2 l{Cggg$n, 7.-(v^>ifmTFTl 1 2 5®m2 0mffi«®MTFT 

1 i2 7©y*-h«@i, ^^^fflTFTi i2 60mi(Dmmt\zmm-^nx\^^^o 
m^mFTii 2 6<D^-hn,m\t. m2(DM^ui i2 simm-^n. m^m 
TFTi 1 2 6(of^2 0nm\tmmn (mmm 1 1 2 4«ic$nTVi§, 
ffiTFT 1 1 2 7 ©m 1 <3!)«@tt^5t?^'f 1 1 s ecD-^ommiz^m-^n. mm 

25 ffiTFT112 7 OB 2 0«88J*«t!S2ST F T 1 1 2 9 1 0«@tCgg^$n 

TVi^s. mssiiiT F T 1 1 2 9 ©B 2 <Dmm\tmmu 1124 fc^^^nTv^-s. 
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^mm^ 113 1 <D-:^(Dmm\t. iss^t f t 1129 cd^- hmmRzs^ 
TFT 1 1 sooy-hmmizmm'^n. m:^(Dmm\mms^ mum 1124 
\zmm^nx^^^> 5 7-tf 1 1 1 3 0 0^ 1 <Dmm\tmMWi 1124 \zmf^-^ 

n> ^^-TFT 1 1 3 0(Df$2(Dm®\t. MMXtlTFTl 1 3 2(D^10M 

5 ici^iii^nTVi'S. mmxijTF t 1 1 3 2 ©^2 ©n^amssn (mji^) 1 1 
2 4 (dss^^n. mssA:bT F T 1 1 3 2 ©y- 3 1 1 3 5 
^^^nxvis, msiE^jtTFTi 1 3 3(Dy-hmmtm3<DMM%i 1 3 sic 
»$n, mss^j^T FT 1 1 3 3 1 (DmM\tmmmnm^ 1 1 3 s i^g^i^^ 
n, msit^^JtT F T 1 1 3 3 2 ©^®(i«sisiiST F T 1 1 2 9 ©y- 

10 tK5^-TFTi 1 3 o©y-h«@(c^^;^nTVi§o m^u mum 112 
4:fej:([;fg)t^Ti 1 3 6(Dm:^(Dmm\zit. -en-^'n0f)t©«^*«A*$n, s 

I1IK4 2 ofcffi^-r§. 

15 J5::fe, ^13 (C) 0H^«, 1^5 5 (B) ©Si^tc:, S6 (E) ©01^*®^ 

^(Omm\t. S*f{C;5;oTVi<5, 013 CO ©lllgfC«, ?B*fflTFTl 

1 2 6 50tiiijn$tlWS, ?S*fflTFT 112 6 ?£:BB®-r<5 ^1 1 lC<t 0 x .W^P^I 

©*$ ^ s s -5 i p n;^^, 
20 xi'«/5^>iffflTFT 1 1 2 5\mm\zMr^\fy':tmn(owi^^mmr^'i& 
m^moo m^mTFTi 1 2 6n$»^? 1 131 \z^^-^nrzn^^nm-r^ 
mn^movMWimTFTi 1 2 1 i 3 i\zuw^nrzmm\zmc 

T, #®5:«^«S*«$!l|l|$n§. mjSllSTFTl 1 2 9^:57-TFT 1130 

«;^7l/>h5^-IeIlES^Mf §o mgiiJIl 1 2 4SLt;^«Tl 1 3 6 ©to;^© 

;^'r*;'^>^fflTFTl 1 2 5*«:t>tC?&:S^:. M-^Hl 1 2 1 
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t'^^0miz^^. EKfflTFT 1 1 2 7 3&t;t>x«:t7r^. j;ot, mmr 
ffiTFT 1 1 2 7i!)Uy(Dm^\t. ^^M'f-izmmmnr . myti^^^^^o 

5 5t3bT, H^SrS^bTViS. l|giiiliTFT112 9, ^^-TFTll 

3 0. ^«^i^ll3 1, mSStA:^TFTl 1 3 2, -RjtTFT 1 1 3 33^^*);/^ 

nmm^^^mfS(.hx\r^^, ««ieiss«> -^©«jSMf tg:tj2:WbTtiS. 

msgaiiHfiiS(c*fr§^«m*> x-fy^^-v^fflxFTi 1 2 s-^i^mtfti 
1 2 7 owii^tit. mmmzffo ztfAx^^^o 

m7 3 (A) commit. EI 5 5 (B) ©li^C, 06 (A) ©(el^^ia^lClM 
07 3 (A) Ommt. m^itJfiTFTl 12 9, ^S^^l 1 3 1, -^J^TFT 

113 3, mmmmmm 1 3 s (co 35:i:*^L/TVi5. mMmnMmi 1 3 s 

(CO tt, mSSil^lHll^l 1 3 7{c:^M^nTVi^. m^lHlifSl 1 3 7*^, 
m^mmm^4 O 3lc:ES$nTVi§|l8ltililHlK4 2 0 \zn^-t^c 

20 ^7 3 (B) 05 5 (B) <Dmm\Z. 0 7 (A) ©HJS^li^fcjiffl 

mt. Knizu^xi^^^o '^-^-^-^ 

mi 3 (B) mMTFT 112 9, 131, -gjiJ^TFT 

113 3, mmmmw^i 1 3 s (co 75:^s^tTVi^. in^fflm^^i 1 3 s 

25 (Ci) tt, mSSilllHlKl 1 3 7(c:^^$nTViS. i^*, mSitilMlel^ 1 1 3 75&«, 
«#^miblell^4 0 3{CBafi$nTVi^«giEill|Hl8S4 2 OCffl^T 
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13 7 3 (A) om^tmi 3 (B) ©H^iiTtt, mWTFTl 1 2 9 
dt^ifeSo -etX. mmmU^CtlZ^O. 13 1, ^^JtTFTl 1 

\zm]:^rcmm^xt}-t^^^:f'c$)^, sis (a). his (b) 

10 05 5 (B) <D^oimm<Dm'^x-&^o z.n\-t. miz (o, 073 (a), ^ 
73 (B) uEm^-t^o zLom^^. mnmrnm^M. 0 3 6-^^3 7©.t5 

15 mco^'izf'^immm^^omfSLiz^'DX. ^t>oT<So ^vi-c, #^o«5)g 

•&{w-pl/iTigB'^-&. li^«> 013 (A) =bb<«013 (B) (Om^X^^tt 

m^mmmm^\t. ms (a) -^eis (b) <Dm^x$>^fr:s>, z.(r>h^(ri 

(A) X<D^l<D^^mi 1 0 2^01 3 (B) XOmiO^^'^l 13 2) 
*^t. m^U (mis (A) T©1 1 0 1^01 3 (B) TOia 3 1) 
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5 m2©jt«i^ (01 3 (A) r(Dm2(D^^Ul 1 

0 3^^113 (B) T'©m2©^^^l 13 3) * Ifi^-Cf^S^^bTVK. -taT 

mtvx^y). ^<D^it(Dti:-^\tmmiz^-ox^fs.^i}^'b'^$>^o 

^7\^u7.mm (Tai> Ta2;^a <Dm\znf^Mo LTz-fj^^x. m^umm^^ 
ommm-m^cDn^mmt. 7\iU7.mm&.Mm\zn^it^^^o .k-px, mi 4 

ic*5ViT. 'fi-^siii;»iis]i?siciH«$nfc«gitj^iHig&©ig^»if^S:fTA«i;Vio 
7 H i/x^Fb1 Ta 1 t7}^vy^mm Tai2<Dm<Dmmxm.im^^n-Dx.hj:v>L,, 

7}^U7.mm Ta2 <h7 K I^X^bI Ta3 ©ral^^WT^^iftf^^fToTfeiVib, 

25 7.mmT a 2<om<D^m\z:^^^x. mMW}f^mmhf)im^mm-^nx\^^^i)i. m 
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'Aiz. mm\mi 3 (a) t)t<tt^i3 (b) ©^^^t&o. mmmmm^ 
5 f^, ^^^^ mmommzmr^^-f 5.>^^^'-h\t±mtmmi^$>^(Di!. % 

m'im.^m^txtiWi^^nmzx^m^\t. 7 h V7.mm\z^\^^i:hm'm^^ 

mznvxwiMm^^not-^^wsih. ^om. m^mi^mmifimtt^^n^o cti 

tt:mmzmm^m^iz\t. TH^x^ra(c*5ViTt>, m^^wii^mmThs^mi- 
15 ^ztm^^o 

d tijimm^Tcsb. mn^mmmmzmm-^nrzT^xo^mmmmmm^mfp^ 
mm^&<r^ztti^Hi^:b, Lrzf)^^x. m^mf^^^vjEmizno^itmm 

20 So 

-D^iz. mmcD^^y'^^. m^mziiy'^m^AtfU mmmmmmz\£^t 

mmt. 05 5 (A) ©a^T*si:-rs. mm\ts mis (o, lassmx 0 
73 (A), 07 3 (B) f3iii(Dm^x$>^tr^o fzfci^, ±mmm(Dm^. m 
25 m\zmm-^nrcmmmmmzMiyXh. m^W}i^i^^^^i!)i$,^, ^(Dtctb. m 
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6 

(Ell 3 (C) TOSlO^i^l 12 2) mWf^ mis (C) 

T01 1 2 1) 55ie>Hx:^«-^*A:tlbTVi<. COtfx:tffi-^«, liET 

^<3D:^©i^-:;^7^-A^P^SF37&«$&*D, I^^t^S^-frTVK. fcfe'U im 

15 2®^S^ (El 13 (C) -e©^2©^^^l 1 2 3) ?rlfT"r5^-S)S^bTVi<. 
^$-ri)i:, b*x:t<f^dn^^Sn, liW^TFT 1 1 2 7;6«:t7^^tc;^t)> 1^ 

ilTfe, -y-7'7l'-A^rB^S F 3 tlBllitC^^^-li:. |W|^lC#%5tWJCbTVi<o 
^^C, li^©m0lE^lHlKlC^T§|g^»t3MLTjiB-^'5. g| 1 3 (C) 0^^, 
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10 :k\z. mmitm 1 3 (o om^x. m^^mwim^itm s 9 > 0 e o ti, 

07 8, m7 9\Z^-r. J: IBtSllIK4 5 1 l;:l9:5tl&f^*ff "51l8iEMIsISSO 
mf^^noZ.ti!}^X^^> ^^X. tgJtHif^^rB^Tb 1, Tb5?it* 

0m\z. ^^mmrc^mn^o ^vx. mi^mmTc\z:is^^x. iicDmm^m^ 
\z%ibxm^W}i^^nz>(Di!)^^mviv. wt'^m^mm^mpht^o ztnz 

f^mom\zm^mmT c i^istt, mm^mmT c c*5iiTS3iiiEi!^4 5 1 ©-r- 
^tiw^u E(onwmm^hm%mYF^nt>u\i^^o\z-t^>^<^mh^. ^^-^x. 

25 7 8 iC^rJ: "5 \Z. WL'^Wi^mUT b 5 ©^t, Wi^mSiT c ^^^ttSi^^ 
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ffl^«0i3 (c) (Dm^r^^^ m^mmW}m^\m6i<Dm^o)^o 
10 m^mmm^\zmm-^ntzm^m^^omMmi^(D^^ ^ >if\z-D\^^x. la s o 

^mmwimm(DmMmm^(Dm&mi^^nvmm(D&^ ^^m \zm^t^ z: tf)^ 
20 :k\z. mmo^^zfi!)^. m^mz\dy'^m^^xtii^. mmmmt^mz. M^.-t 
^ ^^m'^iixtsWi^ii^nmzx^is.\i^^^. -oi^xi.mmtimi z (a), 073 

(B) (DiPfi)cTfe-&i^©i5^-r5>^5^^-h^ia8 itds^-r. mm^'mWi 

25 ±13(7)07 6 C5«^teJ^i^^J5:fc«^> ffi^iCi^'^^So SlO©+>- 

:;f7k-AWFBlSF id^^ia*'^). IfrO^-^^^^ (07 3 (A). 07 3 (B) T 
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OD^KD^^^l 12 2) ^l^L, ft^H (m? 3. (A), 0 7 3 (B) X'<D1 

1 2 1) ;5^^t:x:tfi^<£A:^UTVi<. C0t:x:tif^«> MS, mffiT^S^t, 

2(D^^n (Ell 3 (C) T©m2 0^^^1 12 3) ^ 1 ff-D^O^jlJ^^^tl U 

10 TVK. -epT^^:, tfiSfflTFTi 1 2 7 ^uy^m^z fsiO . mmo)^n^m^ 

^(C. ®m©m«tMleIl^lC^-r§^5t»f^lcML.T5B^§. iii5^*«ia7 3 (A), 

15 n 7 3 (B) (Dmi$.(Dm'^. mm\zmm-^nr:immwM^(om^mi^txt!W]mt. 
mmzn^ ctnA-vtui^^o t^oT> mmizmm-^n:^mmmm^<Dm^mmt. 

20 H V7.mSiii7 Y V7sm^<hmzn%.\tii\-^. 

£;±©c:t;5^e>> li^OSggMlHl^fc^-r^ig^Kf^tt, ^,^>fl"»!FBl (Td3, Td 
mSi(nmzfifL\t^\^. ^JIT, SSlCtt, 1f:/7l/-A«l|^1SF3<hi^':/7U' 

-A»irBisF4oi^^™FBi (Td3, Td4) \zmm\zwm.^xikMMMm^\zn 

25 -rsiSjeijf^^ff^i^J^^X^O, tifc, 7KUX«8PBlTalt7Hl/';^miTa 

2 ©Pb^, 7 H VTMf^l a 2 i7 H ^;^«8Pb1 Ta3 <DPBl©«(C:feViT, m^mwm 
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m\znv cti^^x^u^^^'^iz-o^^x^To —-jj. ®8 3tt, m^wmMiu^o^m. 
10 'A\z. mmumi ^ (a), 1173 (b) om^xhKi^ imnnwMM^\t. m 

15 L-TI/i5<h^Tfe, IBltl5lS&4 5 1 (Cttm^®1f $g5{>^^#$nTVi^©T, mMU 

83\z^-r^o\z. 7\iU7.mm^\zid\^>xh. mMmmmTh4^mii^^z.i: 
20 ft^m^^. 

^VT. mm.mm^om^wii^txtimi^t^mmizT^tixi^^m'^izit. m8 4 
©J: "51c, mm<Dmmi\zm'^W}{^^n-ox\f>^m\t. ^^mmm^\zmm-^n 

uizm^mi'^tnvmiz. mMmmTc^mnx. m^^mmr c\z:}i\^^Ttm^ 
25 K4 5 lo^'-^^^Mb, E(Dm.mmMmhm^miiF^nt>u\f^^'^izLxi5< 
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'A\z. mm\m7 3 (a), 1373 (b) (Dm^T^o. m^mmw}m^}t. m 
10 6 Emi5ig§4 5 1 ^^t^m^SLTh^m^iz^i^^xmrnr^o mmm 

^ijf^> 0^0. mm(DWjmzmr^^^2.>^^^'-h\t±mtmmx$>^<Dr. 

25 lCOViTi^^§, 

^'f> mm\t. mis (a) t>L<«igi3 (b) x&^tt^. m^mmmm 
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-t-h^HatC^-To ItfO^O^S^ mi 3 (A) 10 2^ 

013 (B) T©^1©^^||1 1 3 2) ^m^RL. mi 3 (A) T©1 

1 0 1^01 3 (B) T©i 1 3 1) -d^^mm^xijLr^^^K, co)mmt. fx 
'Aiz.. mnmm^^\zmm^nrzmmmm^(DmMW]i^(Di^-( 5 >^}covvts& 

b(c*5ViT^^Si#$fT-5 J: diet's. ^©Mtt, iW^Mt-Sc^iirT 

15 feckvi. ^LT, ^(Dm. m^ummm^(Dmmm'm^0XMi^^nv. 
'A\z. ®^«^i3 (A) 'feL.<«^i3 (B) <Dm^x^$>o. immmmm^ 
imioizmt^oiz. iBiiiHiss4 5 im-r^m^-^^^o ^lt> m^mmm 
m^izm-^ntzmmmm^iz^i^^x. m^mi^txtimi^^mmiznz) c ty^^ni 
mum^. mi nz^t^z>iz. mMmmTh^&Kt^^itTf)^^^^, m 

20 ^^mm^m<Dnmmm^(DmMmiiF^nom^\z\t. mmnimnrzo. &\<Dmm 

7>i^^4:,l:8.3, ^5 OtC:fett'5h^>i?7.^A. Bv O^mx.'ft-^i^^ajlsl 
05 1©J;'5(C> N^>>?X:$'l 9 3;0?Ee$nTViT. «»Mn}^cD, SiJ®m 
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^K^i^ithrcm-^. ^©^jb©S-&Vvj^, 6icJ;oTMJ5:'i). "^(Dtcib. mmi- 

^fflVifcf63fe^afc*5ViT» i^'7-n^^n'^mz\t. ^(D-^^v^vny>7.^w^ 

10 rnhmm^mt. mmzx-^-r^nM(Di^^^^^\zii'Dx^x^z.hxh^. 
^(Dtzibat. ^jy7i^>7.mMmMm(D^m<D±^-^^^\z^-ox^pLni,t^\^\ 
^(Dm(D^mtLx\t. mm. mn^^mmm^. vyruyxm^m^mfiE^z 

*5ViT, ^6 (C) —Eie (E) (DJ:ofSim^'S:m^^^Z.tX$)^o -eLT. ^6 
(C) (E) 0<k5?&:IeIKlc::feViT, * W> h5 ^-laH^^^JBigTS 2 

^\z^<Dmmtvx\t, .^ffmm<D^^^^\z^z>x^^^ztx$>^o zn 

mx^^, ^^mz^o. ^m^onm^mt^T^cta^x^^, 
20 &,±<D^'5f3i^m^m^?>z.t\z^y). $>^\f^\t. m^^t>'&xm^^z.t\z^ 

:^nmm\t. mm<omm i ~ i o . iijgM i , 2 tffisjcto^fe^s c rt 
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xm±t^ct\z^'oxm^-^nrzmytmmo±w^^K). mi2 (b) \t. m 

1 2 (A) <D A- A'\Z^n ^Wi^m. mi 2 (C) \tmi2 (A) OB-B'Jdcfelt 

mm 0 0 i±(3^tj-6n:fc®^^4 0 0 2 i:, v-7.m^mmm^4 o o s 
j&^'igtte>nTVi-5. ^fc®M4 0 0 2 y-7.m^nmw]mm4 oost. y 

-hft#illl^»laIK4 0 0 4a, b t(D±\Z'y-'J 4: 0 0 8;0t|git enxi^^ 
5o ^'oXmmm40 0 2t, y-;^(t^ilSffil!jlHl?S4 0 0 3i:, y-h«^5^ 
i!j[sll^4 0 0 4 a,, b t\t. »*S4 0 0 1 t>'-;i/tJ4 0 0 9 tv^-'J >^*J4 0 

10 0 8 tiCctoT, 3fe«*t4 2 1 o-e^it^nTv^s. 

^fcs«4 0 0 l±(c^^te.nfcilii^g|54 0 0 2 <h> v-7.m^t^mmm^4 o 

0 3.J:, y-h'fi^^Kl!llHlK4 0 0 4 a, bitt, ^fllSOTFT^^UTVi^, 

012 (B) Tttf^^wid. T»j^4o 1 0 ±\zm^-^tirc. ^j-xmwi^mWim 

!S4 0 0 3lC-^*nS!Si&TFT (fib, ClTttn^^A'^Jt'ST F p^-\'^ 
15 jmTFT^m^) 42 0 lRDfiii^gl54 0 0 2tC-^Sni>^S*fflTFT4 2 0 2 

:^^mmx\t. ^»TFT4 2 0 1 iZWjk^O-^i^Xi^m-^tLrcp^^^JVmT 
FT^fc«n5^^^;UMTFT/&SfflVie,n> t^*ffiTFT4 2 0 2\Z\t'M<D:^m 

20 iekjt f t 4 2 0 1 RV^m^M T F T 4 2 0 2 ±\z\tmmmm^ (^mtfso 4 
3 0 1 d^?^^sn, ^(D±\zm^m tft4202©k^-i* >tm%&iizmf^-r^ 
mmnm. (mm) 4^20 3*Wfi)&$ti§. H^m@4 2 0 3 tiyx\tti:^m^<^^ 

25 -oi^^A^m^^^^itni^'^^^o ^tc. mmmmmnm\zi)^)^A^WiMvrz'h 
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^Lx. mmn®4 2 0 3(D±iz\mM4 3 0 ziAM-^n. mM4 302 
«®fim®4 2 0 30±{ciipaj«j5fe$nTVi§. e:©iipi[B{c:feviT, mmn 

@4 2 0 3(D±\Z\m^M4 2 0 4t)m^-^n^. ^^14 2 0 4tt^»<Dfg^*J 

^^®4 2 0 4 0mm-:^mt{c>^(Dmm^mhL<\tm^mt^^^m^tnt^ 

Vi. ^fc. ^^l4 2 0 4O:^it«jE?LftA®. iE?Li^Ml^ ^^tM. m^^xkM 

m^m4 2 0 4(D±\z\myt^^^t^mmm (R^mz\t7)VB.=:^A. mh 

m4 2 0 5 7&^?^^$n§. Sfe, lt@4 2 0 5 t^^l4 2 0 4©MlC#ft-r§ 

rz\t^iS7.^m%xm^iy. mm'p7i(^^\zmn-^'^fsi^^^^^m4 205 srwr 

4 2 0 5ttfllf^©MEE5&«4^^nTVi'5o 
J^±(D^V\ZVX. mmW.m (M) 4 2 0 3, fg^l4 2 0 4Rt;t|iJ@4 2 0 

5i!}^^f3i^^ytm^4 3o 3f)m0^^n^o ^iyxmytmi'4 3 0 3S:M-5i^tc, 
mmm±\z^mmiim^-^nxi^^^o ^mm\t. %ytmi'4 3 0 3{c:g?^-^7ic:5j-^ 

20 f}^X^7LtS(D^W<(D\Z^J}mmXl&^o 

4 0 0 5 a«mM«llCg^M$nfc§l#lElLE^T^O, ?i^fflTFT4 2 0 2© 

v-7.mm\z^M:t^\zmM-^nx\^^^o ^\tJmvmwi4 o o 5 a«'>^;w4 o 0 
9 ts^4 0 0 1 t<Dm^Mr). m-^mm^y^)ij^4 3 0 o$:n'bTFPC4o 
0 6j&t^-r5FPCffli3«i4 3 0 1 \zmn.mz^m-^n^o 
25 ->-u >if$S4 0 0 8 tL-Ttt, :<f^xtj, ^mtt ii^^miz\txT>uxm. 
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"T?#S. •/yX^yi^MtlyX\t. FRP (Fiberglass -Reinfor 
c ed P 1 as t i c s) PVF (7}?U h-;i/7;i^:t7'f H) 7^)VA. T 

fi^rt^o ^tc. 7;^5-':7A7i^-r;^SrPVF7^;^A•^■7-r^-7^;^A■cJ5l5^ 

TiJ'u;^ 7j?u-f5H, jL^^i^mm. zy^jn>mm. pvb (7i?ijtfx;u:/?^^ 
^tc^sms 4 2 10 («F* b < \tmit/-^ u A) =b b < 

15 »L.p-5i^MtC$ 6bT*5<fcJ6{C, i>- U >^*J 4 0 0 8 OS^4 0 0 1 #J(Z)ffi 
(CM4 0 0 7<£igttTMtttlM^fctti?^€rK«b3-5t/M4 2 0 7 ^@BS 
TS. ^LT, KStti^«^fctt®^<&®«L-5Si^«4 2 0 7*t^DttS[e>JS:Vi.i; 
"5 {I, IH]»A*-$J4 2 0 8{Cj;oTMttWSfcfi«^WL3^W4 2 
0 7 «iagB4 0 0 7 iC^Jt^nrVi^. ;5:*5tHlBB^/N-*J4 2 0 8 Jig©»Vi;< 

M4 2 0 7«ii$7a:Vi^^(c;a:^TVi§. ®fi^4M^fc^im^SK«b^^^^M 

- 4 2 0 7^^tt€>;iiT, ^^^T4 3 0 3 ©^.{b$«I^JT#5. 

012 (C) \Z^-r^Z>\Z. jiimmS4 2 0 3«fi£$n§tl^»#(C, 5l#lplb 

BBII4 0 0 5 a±(c:^-r§«t"5(C^«ttj^4 2 0 3 aW^^tlSo 
25 a:;&#IH47'f ;i/A4 3 0 0\mm^7^ 7-4 3 0 0 a^fe^LTUS. 

SM4 0 0 ltFPC4 0 0 6tS^JEE«-r-5C:<i:-C» ««4 0 0 l±0^m<4J^ 
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4 20 3 ai:FPC4 0 0 6±©FPCffi@B^4 3 0 I tf)^. mm^7^y-4 3 

0 0 a\z^^xmM.mz^^^^n^o 

i^mmm\t. mmo)mm i ~ i o , mmm i ~ a t^M\zu^^t>it^ z t^^si 
5 mmms) 

E@j«#:^^ix.fe®^S^^fi Digital 
VersatileDisc (DVD) ^OE^i«#^<£II^L, ^©M^^S^L^ -Sx-f X::^^ 

®2 2 (A) «^^^«T$)0, ^#:2 0 0 1, 3tit^2 0 0 2, a^?K2 0 0 
3, ;:^tr-;^-gi52 0 0 4, fc*x:tA;^)^^2 0 0 S^^^tT. *%§g©3^^^fi 
20 tt^^gB2 0 0 3(rfflVi§e:t;^«T#S. 02 2 (A) fcTrt" 

02 2 (B) Jix>?i5';i/7.5";i';^3P^^-e$.D> *i!^2 10 1> ^5^g|52l0 2, 
25 ^#SI52 10 3, ^f^4^-2 1 0 4, 9\Wm.i!^-V2 \ 0 5, =yW^-2 1 0 
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02 2 (C) tty-M!/t-y:f;P3>tfa-iS^Ta5D. *#:2 2 0 1, mi^2 
2 0 2. ^^352 2 0 3. :^-3j?- H 2 2 0 4 , ^SP^i^^- h 2 2 0 5 . Jt?-f> 

yif^OT. 2 2 0 6^s■^^^. im'^m%%^m.\t.wh%2 203 \zm^i^^z. 
5 t;{i«Tf#5. ^fc*^§gtcj;t). 02 2 (c) \z^'tmt^m.ifi%'^^n^. 

02 2 (D) ^^^m;Hl>tra.-^5'•T?^0, *#:2 3 0 1. ^^§152 3 0 2, 
;^-ru/5^2 3 0 3. ^f^^-2 3 0 4. g^^^Jj^- h 2 3 0 5^<£^tl. 2^^0J© 
^^^B«^^gP2 3 0 2»CfflViSC<h*^T#S. ^fc*^§^{c:iO. 02 2 (D) 

(i^-r ^A'-r ;i' n > tr 3. - ^ $ ti^ . 
10 02 2 (E) \xwmm^m^t^^^m(m'm^mm. (:a^wt;i«DVDs^^ 

H) *#:2 4 0 l,M<^2 4 0 2> ^^ia5A2 4 0 3. ^^gPB2 4 0 4, 

ie@i^^#: (DVD^) W^iL^^2^^'o. ^f^^-2 4 0 6\ 7.\i-%-%2 A: 
0 7 ^<£"^tr. S^BBA 2 4 0 3 «±i LTli^lf ^S^gUB 2 4 0 4 

tti<!:LT35C^if^^&^5^-r^d^, *^§g0^3feM»e:ne>«^aBA> B24 0 

15 3. 2 A\zWi\^^^t.ii^-r:^^. n.^. %mm^^'^xtzmmm^^m\z\m 

Um^-hMmUE%'k-^n^. ^fc2|s:^BJtCJ:D. 02 2 (E) IC^-TDVD^ 

02 2 (F) «zf-^;i/Mx^7.y^^ (^7 KTC7>hx^7>7V-f) TfeD> 
*#:2 5 0 1 , ^7RgR2 5 0 2. y-KU2 5 0 3 ^^-^tf, 2^^B^®fi31£^g«^ 
20 ^g|52 5 0 2l;:fflVi:5c:t*^T^5. ^^c*^§gcj;0, 02 2 (F) ic^Tzf- 

02 2 (G) ttHxJt-;*7^^T*D. *#:2 6 0 1, ^^gP2 6 0 2, m#:2 6 
0 3. i^l-SIS^ggT}^- h 2 6 0 4. Utn>gM2 6 0 5. §#aP2 6 0 6. A*«y 
xU-2 6 0 7, ^^A:t>aB2 6 0 8. ^f^^^^-2 6 0 9, ^^2 6 1 0^^-^ 
25 tTo *fg|g©^3t^fi«^^SI5 2 6 0 2 tffl V>5 d *3^c*^§g{c J: t) , 

02 2 (G) Id^f k*x:t;^^75;>t^^$n^. 



wo 03/038794 PCT/JP02/1 1279 

94 

:iz.rm2 2 (H) \tm^mmx'$>K>. 701, ^2 7 0 2> m^^z 

7 0 3^ ^PAM2 7 0 4. iP^m:^SIi2 7 0 5> ilf^^-2 7 0 6, ^^^m 
h 2 7 0 7, 7>7'±2 7 0 S^Sr^tfo ^^I^Ofg^^gtt^^SP 2 7 0 3 

(H) iz^tm^mm^^^^^n^o 

15 <f3:^^v\zmm^^^-t^^t-^m^viK '^-ox. m^mm^m. mzm^m 
m-^^mn^mm(D^z>-/3iX^mmt:^tr^^^m\zmytmm^m^^^m^iz 
\t. $^^ytm^'^^tvxic^mm^^9tm^xm0zr^^^\zmwir^z.ti!)^ 

20 ii t*«ni«gT*feSo i^rc^mmm<DmTmm\t. mmomm 1 ~ 1 0 . 1 ~ 

(D^ii;^yy^(DBm^mmvx. mmommmmmz^fi^t^^itijix^^o 
^rc^mm\t. m^mi^^n^m. fx«^<£ffiViT, mB^^bmmmo^ 
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10 m^p^\zmm^nrc^mm^iz^^-f^n^<^mn<Dmm^B^rcf3i< -^-^^ct 

^^u±rcU<-^'^^^^^^x^^^^^zf3i^o 
$ }^y'^m^^nmmm^<Dm^W}f^<Drcibizmm-t^ z.t\z^ 
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If ^ © ^ H . 

10 T, 

3 . ^iS0i2^o#^ izMjt^vrcnwL(Dmmmmm^^-r^m^mwimmx$>':> 

25 mmmm\zmm^n. 

mBnm(Dvy7u>xmMmmmf)-^i^m^^n^mmimt. 20: 2^: • • • : 
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^yt^'-vi)^ms&-^tinj3m\zdb^h^. m^^ntzMmz^y). mm^iiL\t 
1 0 . muf^ 1 fmmntm 3 ©vi-rn*^-:^c*5ViT, ^ 
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1 1 . m-^m 1 Tb^m^m 3 m^-rm^-mizi^^^x.. 

y'-7,m\zm^t^^&^umr^:itmmtr^m^^mmm^> 
5 12. 1 Tb^m^m 3 ©vi-rnd^-«ic^viT, 

10 is^ 2 h 7 >^^Xi$^o!)y- 1 Rz^mt^f^ 2hy yv7.^(o^- V tmm 

1 3. 11*^1 ^T&mW^l 2CD.Vi-rn;0i-]«lc::feViT» 
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). SPECIFICATION 

SIGNAL LINE DRIVER CIRCUIT, LIGHT EMITTING DEVICe! 
AND DRIVING METHOD THEREOF 

Technical Field 

The present invention relates to a technique of a signal line driver circuit. 
Further, the present invention relates to a light emitting device including the signal line 
driver circuit. 

Background Art 

Recently, display devices for performing image display are being developed. 
Liquid crystal display devices that perform image display by using a liquid crystal 
element are widely used as display devices because of advantages of high image quality, 
thinness, lightweight, and the like. 

In addition, light emitting devices using self-light emitting elements as light 
emitting elements are recently being developed. The light emitting device has 
characteristics of, for example, a high response speed suitable for motion image display, 
low voltage, and low power consumption, in addition to advantages of existing liquid 
crystal display devices, and thus, attracts a great deal of attention as the next generation 
display device. 

As gradation representation methods used in displaying a multi-gradation 
image on a light emitting device, an analog gradation method and a digital gradation 
method are given. The former analog gradation method is a method in which the 
gradation is obtained by conducting analog control the magnitude of a current that flows 
to a light emitting element. The latter digital gradation method is a method in which 
the light emitting element is driven only in two states thereof: an ON state (state where 
the luminance is substantially 100%) and an OFF state (state where the luminance is 
substantially 0%). In the digital gradation method, since only two gradations can be 
displayed, a method configured by combining the digital gradation method and a 
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different method to display multi-gradation images has been proposed. 

When classification is made based on the type of a signal that is input to pixels, 
a voltage input method and a current input method are given as pixel-driving methods. 
The former voltage input method is a method in which: a video signal (voltage) that is 
input to a pixel is input to a gate electrode of a driving element; and the driving element 
is used to control the luminance of a light emitting element. The latter current input 
method is a method in which the set signal current is flown to a light emitting element 
to control the luminance of the light emitting element. 

Hereinafter, referring to Fig. 16(A), a brief description will be made of an 
example of a circuit of a pixel in a light emitting device employing the voltage input 
method and a driving method thereof. The pixel shown in Fig. 16(A) includes a signal 
line 501, a scanning line 502, a switching TFT 503, a driving TFT 504, a capacitor 
device 505, a light emitting element 506, and power sources 507 and 508. 

When the potential of the scanning line 502 varies, and the switching TFT 503 
is turned ON, a video signal that has been input to the signal line 501 is input to a gate 
electrode of the driving TFT 504. According to the potential of the input video signal, 
a gate-source voltage of the driving TFT 504 is determined, and a current flowing 
between the source and the drain of the driving TFT 504 is determined. This current is 
supplied to the light emitting element 506, and the light emitting element 506 emits 
light. 

As a semiconductor device for driving the light emitting element, a polysilicon 
transistor is used. However, the polysilicon transistor is prone to variation in electrical 
characteristics, such as a threshold value and an ON current, due to defects in a grain 
boundary. In the pixel shown in Fig. 16(A), if characteristics of the driving TFT 504 
vary in units of the pixel, even when identical video signals have been input, the 
magnitudes of the corresponding drain currents of the driving TFTs 504 are different. 
Thus, the luminance of the light emitting element 506 varies. 

To solve the problems described above, a desired current may be input to the 
light emitting element, regardless of the characteristics of the TFTs for driving the light 
emitting element. From this viewpoint, the current input method has been proposed 
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which can control the magnitude of a current that is supplied to a light emitting element 
regardless of the TFT characteristics. 

Next, referring to Figs. 16(B) and 17, a brief description will be made of a 
circuit of a pixel in a light emitting device employing the current input method and a 
driving method thereof. The pixel shown in Fig. 16(B) includes a signal line 601, first 
to third scanning lines 602 to 604, a current line 605, TFTs 606 to 609, a capacitor 
device 610, and a light emitting element 611. A cunent source circuit 612 is arranged 
to each signal line (each column). 

Operations of from video signal-writing to light emission will be described by 
using Fig. 17. In Fig. 17, reference numerals denoting respective portions conform to 
those shown in Fig. 16. Figs. 17(A) to 17(C) schematically show current paths. Fig. 
17(D) shows the relationship between currents flowing through respective paths during 
a write of a video signal, and Fig. 17(E) shows a voltage accumulated in the capacitor 
device 610 also during the write of a video signal, that is, a gate-source voltage of the 
TFT 608. 

First, a pulse is input to the first and second scanning lines 602 and 603 to turn 
the TFTs 606 and 607 ON. A signal current flowing through the signal line 601 at this 
time will be referred to as Idata. As shown in Fig. 17(A), since the signal current Idata is 
flowing through the signal line 601, the current separately flows through current paths h 
and I2 in the pixel. Fig. 17(D) shows the relationship between the currents. Needless 
to say, the relationship is expressed as Idata = Ii + h- 

The moment the TFT 606 is turned ON, no charge is yet accumulated in the 
capacitor device 610, and thus, the TFT 608 is OFF. Accordingly, I. = 0 and Idata = Ii 
are established. In the moment, the cunent flows between electrodes of the capacitor 
device 610, and charge accumulation is performed in the capacitor device 610. 

Charge is gradually accumulated in the capacitor device 610, and a potential 
difference begins to develop between both the electrodes (Fig. 17(E)). When the 
potential difference of both the electrodes has reached Vth (point A in Fig. 17(E)), the 
TFT 608 is turned ON, and I2 occurs. As described above, since Idata = Ii + I2 is 
established, while Ii gradually decreases, the current keeps flowing, and charge 
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accumulation is continuously performed in the capacitor device 610. 

In the capacitor device 610, charge accumulation continues until the potential 
difference between both the electrodes, that is, the gate-source voltage of the TFT 608 
reaches a desired voltage. That is, charge accumulation continues until the voltage 
reaches a level at which the TFT 608 can allow the current Idata to flow. When charge 
accumulation terminates (B point in Fig. 17(E)), the current I2 stops flowing. Further, 
since the TFT 608 is fully ON, Idata = h is established (Fig. 17(B)). According to the 
operations described above, the operation of writing the signal to the pixel is completed. 
Finally, selection of the first and second scanning lines 602 and 603 is completed, and 
the TFTs 606 and 607 are turned OFF. 

Subsequently, a pulse is input to the third scanning line 604, and the TFT 609 
is turned ON. Since VGS that has been just written is held in the capacitor device 610, 
the TFT 608 is already turned ON, and a current identical to Idata flows thereto from the 
current line 605. Thus, the light emitting element 611 emits light. At this time, when 
the TFT 608 is set to operate in a saturation region, even if the source-drain voltage of 
the TFT 608 varies, a light emitting current Iel flowing to the light emitting element 611 
flows continuously. 

As described above, the current input method refers to a method in which the 
drain current of the TFT 609 is set to have the same current value as that of the signal 
current Idata set in the current source circuit 612, and the light emitting element 611 
emits light with the luminance corresponding to the drain current. By using the thus 
structured pixel, influence of variation in characteristics of the TFTs constituting the 
pixel is suppressed, and a desired current can be supplied to the light emitting element. 

Incidentally, in the light emitting device employing the current input method, a 
signal current corresponding to a video signal needs to be precisely input to a pixel. 
However, when a signal line driver circuit (corresponding to the current source circuit 
612 in Fig. 16) used to input the signal current to the pixel is constituted by polysilicon 
transistors, variation in characteristics thereof occurs, thereby also causing variation in 
characteristics of the signal current. 

That is, in the light emitting device employing the current input method. 
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variation in characteristics of TFTs constituting the pixel and the signal line driver 
circuit need to be suppressed. However, while the influence of variation in 
characteristics of the TFTs constituting the pixel can be suppressed by using the pixel 
having the structure of Fig. 16(B), suppression of the influence of variation in 
characteristics of the TFTs constituting the signal line driver circuit is difficult. 

Hereinafter, using Fig. 18, a brief description will be made of the structure and 
operation of a current source circuit arranged in the signal line driver circuit that drives 
the pixel employing the current input method. 

The current source circuit 612 shown in Figs. 18(A) and 18(B) conesponds to 
the current source circuit 612 of Fig. 16(B). The current source circuit 612 includes 
constant current sources 555 to 558. The constant current sources 555 to 558 are 
controlled by signals that are input via respective terminals 551 to 554. The 
magnitudes of currents supplied from the constant current sources 555 to 558 are 
different from one another, and the ratio thereof is set to 1 : 2 : 4 : 8. 

Fig. 18(B) shows a circuit structure of the current source circuit 612, in which 
the constant current sources 555 to 558 shown therein correspond to transistors. The 
ratio of ON currents of the transistors 555 to 558 is set to 1 : 2 : 4 : 8 according to the 
ratio (1:2:4:8) of the value of L (gate length)/W (gate width). The current source 
circuit 612 then can control the current magnitudes at 2^ = 16 levels. Specifically, 
currents having 16-gradation analog values can be output for 4-bit digital video signals. 
Note that the current source circuit 612 is constituted by polysilicon transistors, and is 
integrally formed with the pixel portion on the same substrate. 

As described above, conventionally, a signal line driver circuit incorporated 
with a current source circuit has been proposed (for example, refer to Non-patent 
Documents 1 and 2). 

In addition, digital gradation methods include a method in which a digital 
gradation method is combined with an area gradation method to represent 
multi-gradation images (hereinafter, referred to as area gradation method), and a method 
in which a digital gradation method is combined with a time gradation method to 
represent multi-gradation images (hereinafter, referred to as time gradation method). 
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The area gradation method is a method in which one pixel is divided into a plurality of 
sub-pixels, emission or non-emission is selected in each of the sub-pixels, and the 
gradation is represented according to a difference between a light emitting area and the 
other area in a single pixel. The time gradation method is a method in which gradation 
representation is performed by controlling the emission period of a light emitting 
element. To be more specific, one frame period is divided into a plurality of subframe 
periods having mutually different lengths, emission or non-emission of a light emitting 
element is selected in each period, and the gradation is presented according to a 
difference in length of light emission time in one frame period. In the digital gradation 
method, the method in which a digital gradation method is combined with a time 
gradation method (hereinafter, referred to as time gradation method) is proposed. (For 
example, refer to Patent Document 1). 

[Non-patent Document 1] 

Reiji Hattori & three others, "Technical Report of Institute of Electronics, 
Information and Communication Engineers (lEICE)", ED 2001-8, pp. 7-14, "Circuit 
Simulation of Current Specification Type Polysilicon TFT Active Matrix-Driven 
Organic LED Display" 
[Non-patent Document 2] 

Reiji H et al.; "AM-LCD'Ol", OLED-4, pp. 223-226 
[Patent Document 1] 

JP 2001-5426 A 

Disclosure of the Invention 

In the above-described current source circuit 612, the ON currents of the 
transistors are set to a ratio of 1 : 2 : 4 : 8 by designing the L/W values. However, in 
the transistors 555 to 558, variations occur in the threshold value and mobility due to a 
number of factors for variations in the gate length, gate width, and thickness of a gate 
insulating film, which are attributed to differences in manufacturing steps and substrates 
used. This makes it difficult to precisely set the ON currents of the transistors 555 to 
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558 to 1 : 2 : 4 : 8. That is, depending on the column, variation occurs in the value of 
the current to be supplied to the pixel. 

To precisely set the ON currents of the transistors 555 to 558 to 1 : 2 : 4 : 8 as 
designed, current source circuits arranged to all the columns need to be identical in 
characteristics to one another. Specifically, the characteristics of transistors in all 
current source circuits of the signal line driver circuit need to be ananged identical to 
one another. However, such arrangement is extremely difficult to be realized. 

The present invention has been made in view of the problems described above, 
and therefore provides a signal line driver circuit capable of suppressing the influence of 
variation in characteristics of TFTs to thereby supply a desired signal current to a pixel. 
In addition, the present invention provides a light emitting device capable of 
suppressing the influence of variation in characteristics of TFTs constituting both the 
pixel and the driver circuit to thereby supply a desired signal current to a light emitting 
element by using the pixel having a circuit structure suppressing the influence of 
variation in characteristics of TFTs. 

The present invention provides a signal line driver circuit having a structure 
which is provided with an electric circuit (current source circuit) that suppresses the 
influence of variation in characteristics of TFTs to flow a desired constant current. In 
addition, the present invention provides a light emitting device provided with the signal 
line driver circuit. 

The present invention provides a signal line driver circuit in which a current 
source circuit is arranged in each column (each signal line or the like). 

In the signal line driver circuit according to the present invention, the current 
source circuit arranged in each signal line (each column) is set to supply a 
predetermined signal current by using a reference constant current source. The current 
source circuit for which the signal current is set has a capability of supplying a current 
proportional to the reference constant current source. Consequently, using the current 
source circuit, the influence of variation in characteristics of the TFTs constituting the 
signal line driver circuit can be suppressed. A switch for determining whether the set 
signal current is supplied from the current source circuit to the pixel is controlled by a 
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video signal. 

To be more specific, in the case where a signal current proportional to a video 
signal is required to flow to a signal line, a switch is arranged to determine as to 
whether the signal current is supplied from the current source circuit to the signal line 
driver circuit, and the switch is controlled by the video signal Here, the switch for 
determining as to whether the signal current is supplied from the current source circuit 
to the signal line driver circuit is referred to as a signal current control switch. 

Note that the reference constant current source may be formed integrally with 
the signal line driver circuit on a substrate. Alternatively, an IC or the like may be 
arranged on the outside of the substrate to input a constant current as a reference 
current. 

The outline of the signal line driver circuit of the present invention will be 
described with reference to Figs, 1 and 2. Figs. 1 and 2 each show a signal line driver 
circuit in the periphery of three signal lines of i-th to (i+2)-th columns. 

First, a case where signal currents proportional to video signals are needed to 
flow to the signal lines will be described. 

In Fig. 1, current source circuits 420 are arranged in the respective signal lines 
(respective columns) in a signal line driver circuit 403. The current source circuits 420 
each include a terminal a, a terminal b, and a terminal c. A setting signal is input to 
the terminal a. A current (reference current) is supplied to the terminal b from a 
reference constant current source 109 connected to a current line. The terminal c 
outputs a signal held in the current source circuit 420 via a switch 101 (signal current 
control switch). That is, the current source circuit 420 is controlled by the setting 
signal input from the terminal a, the current (reference current) is supplied from the 
terminal b, and the current proportional to the current (reference current) is output from 
the terminal c. The switch 101 (signal current control switch) is arranged between the 
current source circuit 420 and a pixel, and ON/OFF of the switch 101 (signal current 
control switch) is controlled by the video signal. 

Next, using Fig. 2, a description will be made of a signal line driver circuit of 
the present invention that has a structure different from that shown in Fig. 1. In Fig. 2, 
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two or more current source circuits 420 are provided for each signal line (each column) 
in a signal line driver circuit 403. The current source circuit 420 includes a plurality of 
current source circuits. Here, it is assumed that two current source circuits are 
arranged in each column and that the current source circuit 420 includes a first current 
source circuit 421 and a second current source circuit 422. The first current source 
circuit 421 and the second current source circuit 422 each include a terminal a, a 
terminal b, terminal c, and a terminal d. A setting signal is input to the terminal a. A 
current (reference current) is supplied to the terminal b from a reference constant 
current source 109 connected to a current line. Further, the terminal c outputs signals 
(signal currents) held in the first current source circuit 421 and the second current 
source circuit 422 via a switch 101 (signal current control switch). A control signal is 
input from the terminal d. That is, the current source circuit 420 is controlled by the 
setting signal input from the terminal a and the control signal input from the terminal d, 
the current (reference current) is supplied from the terminal b, and the current (signal 
current) proportional to the current (reference current) is output from the terminal c. 
The switch 101 (signal current control switch) is arranged between the current source 
circuit 420 and a pixel, and ON/OFF of the switch 101 (signal current control switch) is 
controlled by the video signal. 

An operation (for setting a signal current, setting the signal current according 
to a reference current, and performing setting to enable the current source circuit 420 to 
output a signal current) for completing a write of the signal current to the current source 
circuit 420 is referred to as a setting operation. In addition, an operation for inputting 
a signal current to a pixel (operation of the current source circuit 420 to output the 
signal current) is refened to as an input operation. In Fig. 2, the control signals input 
to the first current source circuit 421 and the second current source circuit 422 are 
different from each other. Therefore, one of the first current source circuit 421 and the 
second current source circuit 422 performs the setting operation, and the other performs 
the input operation. Thus, the two operations can be executed at the same time in each 
column. 

Note that the setting operation of the current source circuit may be performed 
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an arbitrary number of times at arbitrary time and at arbitrary timing. Further, each of 
the signal line driver circuits of Figs. 1 and 2 has been described for the case where the 
signal current proportional to the video signal is supplied to the signal line. However, 
the present invention is not limited to this. For example, a current needs to be supplied 
to a wiring different from the signal line. In this case, the switch 101 (signal current 
control switch) does not need to be arranged. A case where the switch is not arranged 
is shown in Fig. 34 as to Fig. 1, and the case is shown in Fig. 35 as to Fig. 2. In these 
cases, a current is output to a pixel current line. The video signal is output to the 
signal line. 

In the present invention, one shift register has two roles. One role is to 
control a current source circuit. The other role is to control a circuit that controls video 
signals, that is, a circuit that operates to display an image, for example, to control a latch 
circuit, a sampling switch, the switch 101 (signal current control switch), or the like. 
In the present invention with the above structure, the circuit that controls a current 
source circuit and the circuit that controls a video signal do not need to be arranged, 
respectively, which enables reduction of the number of elements of the circuit to be 
arranged. Further, since the number of elements can be reduced, a layout area can be 
reduced. Thus, yield in a manufacturing process is improved, and cost-cutting can be 
realized. Further, reduction of the layout area can lead to a smaller frame, and thus, 
reduction in size of a casing can be realized. 

Note that a shift register is comprised of a flip-flop circuit, a decoder circuit, or 
the like. In the case where the shift register is comprised of the flip-flop circuit, in 
general, a plurality of wirings are sequentially selected from the first column to the last 
column. On the other hand, in the case where the shift register is comprised of the 
decoder circuit or the like, a plurality of wirings are sequentially selected from the first 
column to the last column or selected at random. The shift register may select either 
the structure having a function capable of sequentially selecting a plurality of wirings or 
the structure having a function capable of selecting a plurality of wirings at random in 
accordance with the application. 

Incidentally, in the case of selecting the structure having a function capable of 
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selecting a plurality of wirings at random, set signals supplied to the current source 
circuit can be output randomly. Therefore, the setting operation of the current source 
circuit is not performed sequentially from the first column to the last column, and can 
be performed randomly. Thus, the period during which the current source circuit 
performs the setting operation can be set freely. Further, the influence of a leakage of 
charge held in a capacitor element in the current source circuit can be made 
inconspicuous. When the setting operation of the current source circuit can be 
performed at random as described above, in the case where there exists a defect 
accompanied with the setting operation of the current source circuit, the defect can be 
made inconspicuous. 

Note that the present invention may be applied by replacing TFTs with 
transistors using ordinary monocrystal, transistors using SOI, organic transistors, or the 
like. 

The present invention provides a signal line driver circuit including the current 
source circuit described above. Further, the present invention provides a light emitting 
device capable of suppressing the influence of variation in characteristics of TFTs 
constituting both pixels and driver circuits to enable a desired signal cunent to be 
supplied to light emitting elements by using pixels each having a circuit structure in 
which the influence of variation in characteristics of TFTs is suppressed. 

Brief Description of the Drawings 

Fig. 1 is a view of a signal line driver circuit. 
Fig. 2 is a view of a signal line driver circuit. 
Fig. 3 is views of a signal line driver circuit (1-bit). 
Fig. 4 is a view of a signal line driver circuit (1-bit). 
Fig. 5 is a view of a signal line driver circuit (1-bit). 
Fig. 6 is a view of a signal line driver circuit (1-bit). 
Fig. 7 is a view of a signal line driver circuit (3-bit). 
Fig. 8 is a view of a signal line driver circuit (3-bit). 
Fig. 9 is a timing chart. 
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Fig. 10 is a timing chart. 
Fig. 11 is a timing chart. 

Fig. 12 is views of the appearance of a light emitting device. 

Fig. 13 is circuit diagrams of pixels of a light emitting device. 

Fig. 14 is explanatory views of a driving method. 

Fig. 15 is views of a light emitting device. 

Fig. 16 is circuit diagrams of pixels of a light emitting device. 

Fig. 17 is explanatory views of operations of a pixel of the light emitting 

device. 

Fig. 18 is views of a current source circuit. 

Fig. 19 is explanatory views of operations of a current source circuit. 

Fig. 20 is explanatory views of operations of a current source circuit. 

Fig. 21 is an explanatory view of operations of a current source circuit. 

Fig. 22 is views of electronic devices to which the present invention is applied. 

Fig. 23 is circuit diagrams of a current source circuit. 

Fig. 24 is circuit diagrams of a current source circuit. 

Fig. 25 is circuit diagrams of a current source circuit. 

Fig. 26 is a view of a signal line driver circuit (3-bit). 

Fig. 27 is a view of a signal line driver circuit (3-bit). 

Fig. 28 is an explanatory timing chart of a driving method of a current source 

circuit. 

Fig. 29 is a view of a signal line driver circuit (3-bit). 

Fig. 30 is a circuit diagram of a reference constant current source. 

Fig. 31 is a circuit diagram of a reference constant current source. 

Fig. 32 is a circuit diagram of a reference constant current source. 

Fig. 33 is circuit diagrams of a reference constant current source. 

Fig. 34 is a signal line driver circuit. 

Fig. 35 is a signal line driver circuit. 

Fig. 36 is circuit diagrams of a current source circuit. 

Fig. 37 is circuit diagrams of a current source circuit. 
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Fig. 38 is circuit diagrams of a current source circuit. 
Fig. 39 is circuit diagrams of a current source circuit. 
Fig, 40 is circuit diagrams of a current source circuit. 
Fig. 41 is circuit diagrams of a current source circuit. 
Fig. 42 is a view of a signal line driver circuit. 
Fig. 43 is view of a shift resister. 
Fig. 44 is views of a shift resister and a timing chart. 
Fig. 45 is a timing chart. 
Fig. 46 is view of a shift resister. 
Fig. 47 is a view of a signal line driver circuit. 
Fig. 48 is a view of a signal line driver circuit. 
Fig. 49 is a view of a signal line driver circuit. 
Fig. 50 is a view of a signal line driver circuit. 
Fig. 51 is a view of a signal line driver circuit. 
Fig. 52 is a view of a signal line driver circuit. 
Fig. 53 is a view of a signal line driver circuit. 
Fig. 54 is a view of a signal line driver circuit. 
Fig. 55 is a view of a signal line driver circuit. 
Fig. 56 is a view of a signal line driver circuit. 
Fig. 57 is a view of a signal line driver circuit. 
Fig. 58 is a view of a signal line driver circuit. 
Fig. 59 is a view of a signal line driver circuit. 
Fig. 60 is a view of a signal line driver circuit. 
Fig. 61 is a view of a signal line driver circuit. 
Fig. 62 is a view of a signal line driver circuit. 
Fig. 63 is a view of a signal line driver circuit. 
Fig. 64 is a view of a signal line driver circuit. 
Fig. 65 is a view of a signal line driver circuit. 
Fig. 66 is a view of a signal line driver circuit. 
Fig. 67 is a view of a signal line driver circuit. 
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Fig. 68 is a view of a signal line driver circuit. 

Fig. 69 is a view of a signal line driver circuit. 

Fig. 70 is a view of a signal line driver circuit. 

Fig. 71 is a circuit diagram of a pixel. 

Fig. 72 is a timing chart. 

Fig. 73 is a timing chart. 

Fig. 74 is a timing chart. 

Fig. 75 is a timing chart. 

Fig. 76 is a timing chart. 

Fig. 77 is a timing chart. 

Fig. 78 is a timing chart. 

Fig. 79 is a timing chart. 

Fig. 80 is a timing chart. 

Fig. 81 is a timing chart. 

Fig. 82 is a timing chart. 

Fig. 83 is a timing chart. 

Fig. 84 is a timing chart. 

Fig. 85 is a timing chart. 

Fig. 86 is a timing chart. 

Fig. 87 is a layout view of a current source circuit. 
Fig. 88 is a circuit diagram of a current source circuit. 

Best Mode for embodying the Invention 
(Embodiment Mode 1) 

In this embodiment mode, a description will be made of a structure and an 
operation of a current source circuit provided to a signal line driver circuit of the present 
invention. 

In the present invention, a signal input from a terminal a corresponds to a 
sampling pulse supplied from a shift register. However, depending on the structure or 
drive system of the current source circuit, the sampling pulse is not directly input, and 
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instead, the signal supplied from an output terminal of a logical operator connected to a 
setting control line (not shown in Fig. 1) is input. One of two input terminals of the 
logical operator is input with the sampling pulse, and the other input terminal is input 
with the signal supplied from the setting control line. Thus, the setting of a current 
source circuit 420 is performed in accordance with the timing of the sampling pulse or 
the signal supplied from the output terminal of the logical operator connected to the 
setting control line. 

Note that a shift register has a structure including, for example, flip-flop 
circuits (FFs) in a plurality of columns. A clock signal (S-CLK), a start pulse (S-SP), 
and an inverted clock signal (S-CLKb) are input to the shift register, and signals serially 
output according to the timing of the input signals are called sampling pulses. 

Further, one of the two input terminals of the logical operator is input with the 
sampling pulse, and the other input terminal is input with the signal supplied from the 
setting control line. The logical operator conducts a logic operation for the input two 
signals to output a signal from the output terminal. Assuming that the logical operator 
is a NAND, in the timing chart shown in Fig. 14(C), a High signal may be input to the 
NAND from a control line in a period Tb while a IjOw signal may be input to the 
NAND from the control line in other period. 

The shift register is comprised of a flip-flop circuit, a decoder circuit, or the 
like. In the case where the shift register is comprised of the flip-flop circuit, in general, 
a plurality of wirings are sequentially selected from the first column to the last column. 
On the other hand, in the case where the shift register is comprised of the decoder 
circuit or the like, a plurality of wirings are sequentially selected from the first column 
to the last column or selected at random. The shift register may select either the 
structure having a function capable of sequentially selecting a plurality of wirings or the 
structure having a function capable of selecting a plurality of wirings at random in 
accordance with the application. 

In Fig. 23(A), a circuit including switches 104, 105a, and 116, a transistor 102 
(n-channel type), and a capacitor device 103 for retaining a gate-source voltage VGS of 
the transistor 102 corresponds to the current source circuit 420. 
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In the cunent source circuit shown in Fig. 23(A), the switch 104 and the switch 
105a are turned ON by a sampling pulse input via the terminal a. Then, a current 
(reference current) is supplied via the terminal b from the reference constant current 
source 109 (hereinafter referred to as constant current source 109) connected to the 
current line, and a predetermined charge is retained in the capacitor device 103. The 
charge is retained until the current (reference current) flown from the constant current 
source 109 becomes identical with a drain cunent of the transistor 102. 

Then, the switches 104 and 105a are turned OFF by the signal input via the 
terminal a. As a result, since the predetermined charge is retained in the capacitor 
device 103, the transistor 102 has a capability of flowing a current having a magnitude 
corresponding to that of the current (reference current). If the switch 101 (signal 
current control switch) and the switch 116 are turned into a conductive state, a current 
flows to a pixel connected to the signal line via the terminal c. At this time, since the 
gate voltage of the transistor 102 is set to a predetermined gate voltage by the capacitor 
device 103, a drain current corresponding to the current (reference current) flows to the 
drain region of the transistor 102. Thus, the magnitude of the current input to the pixel 
can be controlled without being influenced by the variation in characteristics of the 
transistors constituting the signal line driver circuit. 

Note that, in the case where the switch 101 (signal current control switch) is 
not arranged, when the switch 116 is turned into a conductive state, a current is supplied 
to the pixel connected to the signal line via the terminal c. 

The connection structure of the switches 104 and 105a is not limited to the 
structure shown in Fig. 23(A). For example, the structure may be such that: one of 
terminals of the switch 104 is connected to the terminal b, and the other terminal is 
connected to the gate electrode of the transistor 102; and one of terminals of the switch 
105a is connected to the terminal b via the switch 104, and the other terminal is 
connected to the switch 116. 

Alternatively, the switch 104 may be arranged between the terminal b and the 
gate electrode of the transistor 102, and the switch 105a may be arranged between the 
terminal b and the switch 116. That is, the number of switches and the number of 
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wirings, which are arranged in the current source circuit and the connection are not 
particularly limited. Incidentally, referring to Fig. 36(A), switches may be arranged 
such that the connection is structured as shown in Fig. 36(A1) in the setting operation, 
and the connection is structured as shown in Fig. 36(A2) in the input operation. 

In the current source circuit of Fig. 23(A), the signal setting operation (setting 
operation) cannot be performed simultaneously with the signal inputting operation 
(input operation) to the pixel. 

Referring to Fig. 23(B), a circuit including a switch 124, a switch 125, a 
transistor 122 (n-charmel type), a capacitor device 123 for retaining a gate-source 
voltage VGS of the transistor 122, and a transistor 126 (n-channel type) corresponds to 
the current source circuit 420. 

The transistor 126 functions as either a switch or a part of a current source 
transistor. 

In the current source circuit shown in Fig. 23(B), the switch 124 and the switch 
125 are turned ON by a sampling pulse input via the terminal a. Then, a current 
(reference current) is supplied via the terminal b from the constant current source 109 
connected to the current line, and a predetermined charge is retained in the capacitor 
device 123, The charge is retained until the cunent (reference current) flown from the 
constant current source 109 becomes identical with a drain current of the transistor 122. 
Note that, when the switch 124 is turned ON, since a gate-source voltage VGS of the 
transistor 126 is set to 0 V, the transistor 126 is turned OFF 

Subsequently, the switches 124 and 125 are turned OFF by the signal input via 
the terminal a. As a result, since the predetermined charge is retained in the capacitor 
device 123, the transistor 122 has a capability of flowing a current having a magnitude 
corresponding to that of the current (reference current). If the switch 101 (signal 
current control switch) is turned into the conductive state, a current flows to a pixel 
connected to the signal line via the terminal c. This is because the gate voltage of the 
transistor 122 is set at a predetermined gate voltage by the capacitor device 123, and 
thus, a drain current corresponding to the signal current Idata flows to the drain region of 
the transistor 122. Therefore, the magnitude of the current that is input to the pixel can 
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be controlled without being influenced by the variation in characteristics of the 
transistors constituting the signal line driver circuit. 

Note that, when the switches 124 and 125 have been turned OFF, a gate and a 
source of the transistor 126 do not have the same potential. As a result, since the 
charge retained in the capacitor device 123 is distributed also to the transistor 126, and 
the transistor 126 is automatically turned ON. Here, the transistors 122 and 126 are 
connected in series, and the gates thereof are connected to each other. Accordingly, 
the transistors 122 and 126 each serve as a multi-gate transistor. That is, a gate length 
L of the transistor varies between the setting operation and the input operation. 
Therefore, the value of the current supplied from the terminal b at the time of the setting 
operation can be made larger than the value of the current supplied from the terminal c 
at the time of the input operation. Thus, various loads (such as wiring resistances and 
cross capacitances) disposed between the terminal b and the reference constant current 
source can be charged even faster. Consequently, the setting operation can be 
completed quickly. In the case where the switch 101 (signal current control switch) is 
not arranged, when the switch 126 is turned into the conductive state, a current flows 
via the terminal c to the pixel connected to the signal line. 

Further, the number of switches and the number of wirings, which are arranged 
in the current source circuit, and the connection are not particularly limited. 
Specifically, referring to Fig. 36(B), wirings and switches may be arranged such that the 
connection is structured as shown in Fig. 36(B1) in the setting operation, and the 
connection is structured as shown in Fig. 36(B2) in the input operation. In particular, 
in Fig. 36(B2), it is sufficient that the charge accumulated in a capacitor device 107 does 
not leak. 

Note that, in the current source circuit shown in Fig. 23(B), the setting 
operation for conducting setting to make the current source circuit have a capability of 
flowing a signal current cannot be performed simultaneously with the input operation 
(output of a current to a pixel) for supplying the signal current to the pixel. 

Referring to Fig. 23(C), a circuit including a switch 108, a switch 110, 
transistors 105b and 106 (n-channel type), and a capacitor device 107 for retaining 
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gate-source voltages VGS of the transistors 150b and 106 corresponds to the current 
source circuit 420. 

In the current source circuit shown in Fig. 23(C), the switch 108 and the switch 
110 are turned ON by a sampling pulse input via the terminal a. Then, a current 
(reference current) is supplied via the terminal b from the constant current source 109 
connected to the current line, and a predetermined charge is retained in the capacitor 
device 107. The charge is retained until the current (reference current) flown from the 
constant current source 109 becomes identical with a drain current of the transistor 105b. 
At this time, since the gate electrodes of the transistor 105b and of the transistor 106 are 
connected to each other, the gate voltages of the transistor 105b and the transistor 106 
are retained by the capacitor device 107. 

Then, the switches 108 and 110 are turned OFF by a signal input via the 
terminal a. At this time, since the predetermined charge is retained in the capacitor 
device 107, the transistor 106 has a capability of flowing a current having a magnitude 
corresponding to that of the current (reference cunent). If the switch 101 (signal 
current control switch) is turned to the conductive state, a current flows to a pixel 
connected to the signal line via the terminal c. This is because the gate voltage of the 
transistor 106 is set to a predetermined gate voltage by the capacitor device 107, and 
thus, a drain current corresponding to the current (reference current) flows to the drain 
region of the transistor 106. Thus, the magnitude of the current input to the pixel can 
be controlled without being influenced by the variation in characteristics of the 
transistors constituting the signal line driver circuit. 

Note that, in the case where the switch 101 (signal current control switch) is 
not arranged, a current flows to the pixel connected to the signal line via the terminal c. 

At this time, characteristics of the transistor 105b and the transistor 106 need to 
be the same to cause the drain current corresponding to the signal current to flow 
precisely to the drain region of the transistor 106. To be more specific, values such as 
mobilities and thresholds of the transistors 105b and 106 need to be the same. In 
addition, in Fig. 23(C), the value of W/L of each of the transistors 105b and 106 may be 
arbitrarily set, and a current proportional to the current supplied from the constant 
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cunent source 109 may be supplied to the pixel. 

Further, the value of W/L of the transistor 105b or the transistor 106 that is 
connected to the constant current source 109 is set high, whereby the write speed can be 
increased by supplying a large current from the constant current source 109. 

Note that, with the current source circuit shown in Fig. 23(C), the setting 
operation for conducting setting to make the current source circuit have a capability of 
flowing a signal current can be performed simultaneously with the input operation for 
inputting the signal current to the pixel. 

The current source circuit shown in each of Figs. 23(D) and 23(E) has the same 
structure as that of the current source circuit of Fig. 23(C), except for the connection of 
the switch 110. In addition, since the operation of the current source circuit 420 of 
each of Figs. 23(D) and 23(E) conforms to the operation of the current source circuit 
420 of Fig. 23(C), a description thereof will be omitted here. 

Note that, the number of switches and the number of wirings, which are 
arranged in the current source circuit and the connection are not particularly limited. 
Specifically, referring to Fig. 36(C), wirings and switches may be arranged such that the 
connection is structured as shown in Fig. 36(C1) in the setting operation, and the 
connection is structured as shown in Fig. 36(C2) in the input operation. In particular, 
in Fig. 36(C2), it is sufficient that the charge held in the capacitor device 107 does not 
leak. 

Referring to Fig. 37(A), a circuit including switches 195b, 195c, 195d, and 
195f, a transistor 195a, and a capacitor device 195e corresponds to the current source 
circuit. In the current source circuit shown in Fig. 37(A), the switches 195b, c, d, and f 
are turned ON by a signal input via the terminal a. Then, a current is supplied via the 
terminal b from the constant current source 109 connected to the current line. A 
predetermined charge is retained in the capacitor device 195e until the signal current 
supplied from the constant cunent source 109 becomes identical with a drain current of 
the transistor 195a. 

Then, the switches 195b, 195c, 195d, and 195f are turned OFF by the signal 
input via the terminal a. At this time, since the predetermined charge is retained in the 
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capacitor device 195e, the transistor 195a has a capability of flowing a current having a 
magnitude corresponding to that of the signal current. This is because the gate voltage 
of the transistor 195a is set to a predetermined gate voltage by the capacitor device 195a, 
and thus, a drain current corresponding to a current (reference current) flows to the 
drain region of the transistor 195a. In this state, a current is supplied to the outside via 
the terminal c. Note that, in the current source circuit shown in Fig. 37(A), the 
operation for setting the cunent source circuit to have a capability of flowing a signal 
current cannot be performed simultaneously with the input operation for inputting the 
signal current to the pixel. Incidentally, when a switch controlled by the signal input 
via the terminal a is ON, and also, when a current is controlled not to flow from the 
terminal c, the terminal c needs to be connected to another wiring of the other potential. 
Assuming that the wiring potential is represented by Va, Va may have any value as long 
as Va is a potential sufficient to flow a current flowing from the terminal b as it is. A 
power supply voltage Vdd may be adopted as an example. 

Note that, the number of switches, the number of wirings, and the connection 
are not particularly limited. Specifically, referring to Figs. 37(B) and 37(C), wirings 
and switches may be arranged such that the connection is structured as shown in either 
Fig, 37(B1) or 37(C1) in the setting operation, and the connection is structured as 
shown in either Fig. 37(B2) or 37(C2) in the input operation. 

Further, in the current source circuits 420 of Figs. 23(A) and 23(C) to 23(E), 
the current-flow directions (directions from the pixel to the signal line driver circuit) are 
the same. The conductivity type of each of the transistors 102, 105b, and 106 may be 
of p-channel type. 

Fig. 24(A) shows a circuit diagram in which the current-flow direction 
(direction from the pixel to the signal line driver circuit) is the same, and the transistor 
102 shown in Fig, 23(A) is set to be of p-channel type. In Fig. 23(A), with the 
capacitor device arranged between the gate and the source, even when the source 
potential varies, the gate-source voltage can be maintained. Further, Figs. 24(B) to 
24(D) show circuit diagrams in which the current-flow directions (directions from the 
pixel to the signal line driver circuit) are the same, and the transistors 105b and 106 
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shown in Figs. 23(C) to 23(E) are set to be of p-channel type. 

Fig. 38(A) shows a case where the transistor 195a is set to be of p-channel type 
in the structure of Fig. 37. Fig. 38(B) shows a case where the transistors 122 and 126 
are set to be of p-channel type in the structure of Fig. 23(B). 

Referring to Fig. 40, a circuit including switches 104 and 116, a transistor 102, 
a capacitor device 103, and the like corresponds to the current source circuit. 

Fig. 40(A) corresponds to the circuit of Fig. 23(A) which is partly modified. 
In the current source circuit of Fig. 40(A), the transistor gate width W varies between 
the setting operation of the current source and the input operation. Specifically, the 
connection is structured as shown in Fig. 40(B) in the setting operation while the 
connection is structured as shown in Fig. 40(C) in the input operation. Thus, the gate 
width W differs. Therefore, the value of the current supplied from the terminal b at the 
time of the setting operation can be made larger than the value of the current supplied 
from the terminal c at the time of the input operation. Thus, various loads (such as 
wiring resistances and cross capacitances) disposed between the terminal b and the 
reference constant current source can be charged even faster. Consequently, the setting 
operation can be completed quickly. Note that. Fig. 40 shows the circuit of Fig. 23(A) 
which is partly modified. In addition, the circuit can be easily applied to, for example, 
other circuits shown in Fig. 23 and to the circuits shown in Fig. 24, Fig. 37, Fig. 39, Fig. 
38, and the like. 

Note that, in each of the current source circuits shown in Figs. 23, 24, and 37, a 
current flows from the pixel to the signal line driver circuit. However, the current not 
only flows fi-om the pixel to the signal line driver circuit, but also may flow from the 
signal line driver circuit to the pixel. The direction of the current flow depends on the 
pixel structure. In the case where the current flows from the signal line driver circuit 
to the pixel, Vss (low potential power source) may be changed to Vdd (high potential 
power source), and the transistors 102, 105b, 106, 122, and 126 may be set to be of 
p-channel type in Fig. 23. Also in Fig. 24, Vss may be changed to Vdd, and the 
transistors 102, 105b, and 106 may be of n-channel type. 

Note that, in all the current source circuits described above, the arranged 



23 



capacitor device may not be arranged by being substituted by, for example, a gate 
capacitance of a transistor. 

In the circuits of Figs. 23(A) to 23(E) and 38(A) and 38(B), wirings and 
switches may be arranged such that the connection is structured as shown in Figs, 
39(A1) to 39(D1) in the setting operation, and the connection is structured as shown in 
Figs, 39(A2) to 39(D2) in the input operation. The number of switches and the 
number of wirings are not particularly limited. 

Hereinafter, a description will be made in detail regarding the operations of the 
cunent source circuits of Figs. 23(A), 24(A), 23(C) to 23(E), and 24(B) to 24(D). To 
begin with, the operations of the current source circuits of Figs. 23(A) and 24(A) will be 
described with reference to Fig. 19. 

Figs. 19(A) to 19(C) schematically show paths of a current flowing among 
circuit elements. Fig. 19(D) shows the relationship between the current flowing 
through each path and the time in writing the signal current to the current source circuit. 
Fig. 19(E) shows the relationship between the voltage accumulated in a capacitor device 
16, that is, the gate-source voltage of a transistor 15, and the time in writing the signal 
current to the current source circuit. In the circuit diagrams of Figs. 19(A) to 19(C), 
numeral 11 denotes a reference constant current source (hereinafter referred to as 
constant current source), switches 12 to 14 each are a device having a switching 
function, numeral 15 denotes a transistor, numeral 16 denotes a capacitor device, and 
numeral 17 denotes a pixel. Further, the circuit including the switch 14, the transistor 
15, and the capacitor device 16 corresponds to a current source circuit 20. 

A source region of the transistor 15 is connected to Vss, and a drain region 
thereof is connected to the constant current source 11. One of electrodes of the 
capacitor device 16 is connected to Vss (the source of the transistor 15), and the other 
electrode is connected to the switch 14 (the gate of the transistor 15). The capacitor 
device 16 plays a role of holding the gate-source voltage of the transistor 15. 

The pixel 17 is formed of a light emitting element, a transistor, or the like. 
The light emitting element includes an anode, a cathode, and a light emitting layer 
sandwiched between the anode and the cathode. The light emitting layer can be 
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formed of a known light emitting material. Further, the light emitting layer has two 
structures: a single layer structure and a laminate structure, and any one of the structures 
may be used. Luminescence in the light emitting layer includes light emission 
(fluorescence) in returning from a singlet excited state to a normal state and light 
emission (phosphorescence) in returning from a triplet excited state to a normal state. 
Either one or both of the two types of light emission may be used. Further, the light 
emitting layer is formed of a known material such as an organic material or an inorganic 
material. 

In practice, the current source circuit 20 is provided in the signal line driver 
circuit. A current corresponding to the signal current flows via, for example, a circuit 
element included in the signal line or the pixel, from the current source circuit 20 
provided in the signal line driver circuit. However, since Fig. 19 is a diagram for 
briefly explaining the outline of the relationship among the constant current source 11, 
the current source circuit 20, and the pixel 17, a detailed illustration of the structure is 
omitted. 

First, an operation (setting operation) of the current source circuit 20 for 
retaining the signal current Idata will be described by using Figs. 19(A) and 19(B). 
Referring to Fig. 19(A), the switches 12 and 14 are turned ON, and the switch 13 is 
turned OFF, The signal current is supplied from the constant current source 11, and 
flows to the current source circuit 20 from the constant current source 11. At this time, 
the current flows separately through current paths Ii and h in the current source circuit 
20, as shown in Fig. 19(A). Fig. 19(D) shows the relationship. Needless to say, the 
relationship is expressed as Idata = Ii + h- 

The moment the current starts to flow from the constant current source 11, 
since no charge is held in the capacitor device 16, the transistor 15 is OFF. 
Accordingly, h = 0 and Idata = Ii are established. 

Charge is gradually accumulated into the capacitor device 16, and a potential 
difference begins to occur between both electrodes of the capacitor device 16 (Fig. 
19(E)). When the potential difference between both the electrodes has reached Vih 
(point A in Fig. 19(E)), the transistor 15 is turned ON, and h > 0 is established. As 
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described above, since Idata = Ii + h, while Ii gradually decreases, the current keeps 
flowing. Charge accumulation is continuously performed in the capacitor device 16. 

The potential difference between both the electrodes of the capacitor device 16 
serves as the gate-source voltage of the transistor 15. Thus, charge accumulation in the 
capacitor device 16 continues until the gate-source voltage of the transistor 15 reaches a 
desired voltage, that is, a gate-source voltage that allows the transistor 15 to be flown 
with the current Idata- When charge accumulation terminates (B point in Fig. 19(E)), 
the current h stops flowing. Further, since the TFT 15 is fully ON, Idata = I2 is 
established (Fig. 19(B)), 

Next, an operation (input operation) for inputting the signal current Idata to the 
pixel will be described by using Fig. 19(C). In Fig. 19(C), the switch 13 is turned ON, 
and the switches 12 and 14 are turned OFF. Since a predetermined charge is held in 
the capacitor device 16, the transistor 15 is ON. A current corresponding to the signal 
current flows to Vss via the switch 13 and transistor 15, and a predetermined signal 
current is supplied to the pixel. At this time, when the transistor 15 is set to operate in 
a saturation region, even if the source-drain voltage of the transistor 15 varies, a 
constant current is supplied to the light emitting element. 

In the current source circuit 20 shown in Fig. 19, as shown in Figs. 19(A) to 
19(C), the operation is divided into an operation (setting operation; corresponding to 
Figs. 19(A) and 19(B)) for completing a write of the signal current Idata to the current 
source circuit 20, and an operation (input operation; corresponding to Fig. 19(C)) for 
inputting the signal current Idata to the pixel). Then, in the pixel, a current is supplied 
to the light emitting element in accordance with the input signal current Idata. 

The current source circuit 20 of Fig. 19 is not capable of performing the setting 
operation and the input operation simultaneously. In the case where the setting 
operation and the input operation need to be performed simultaneously, at least two 
current source circuits are preferably provided to each of a plurality of signal lines each 
of which is connected with a plurality of pixels and which are provided in a pixel 
portion. However, if the setting operation can be performed within a period during 
which the signal current Idata is not input to the pixel, only one current source circuit 



26 



may be provided for each signal line (each column). 

Although the transistor 15 shown in each of Figs. 19(A) to 19(C) is of 
n-channel type, the transistor 15 may be of p-channel type, of course. A circuit 
diagram for the case where the transistor 15 is of p-channel type is shown in Fig. 19(F), 
Referring to Fig. 19(F), numeral 31 denotes a reference constant current source, 
switches 32 to 34 each are a device having a switching function, numeral 35 denotes a 
transistor, numeral 36 denotes a capacitor device, and numeral 37 denotes a pixel. The 
circuit including the switch 34, the transistor 35, and the capacitor device 36 
corresponds to a current source circuit 24. 

The transistor 35 is of p-channel type. One of a source region and a drain 
region of the transistor 35 is connected to Vdd, and the other is connected to the 
constant current source 31. One of electrodes of the capacitor device 36 is connected 
to Vdd, and the other electrode is connected to the switch 36. The capacitor device 36 
plays a role of holding the gate-source voltage of the transistor 35. 

Operation of the current source circuit 24 of Fig. 19(F) is similar to the 
operation of the current source circuit 20 described above, except for the current-flow 
direction, and thus, a description thereof will be omitted here. In the case of designing 
the current source circuit in which the polarity of the transistor 15 is changed without 
changing the current-flow direction, the circuit diagram of Fig. 23 may be referenced. 

Note that in Fig. 41, the current-flow direction is the same as in Fig. 19(F), in 
which the transistor 35 is of n-channel type. The capacitor device 36 is connected 
between the gate and the source of the transistor 35. The source potential of the 
transistor 35 varies between the setting operation and the input operation. However, 
even when the source potential of the transistor 35 varies, since the gate-source voltage 
is retained, the operation is normally implemented. 

Next, operations of the current source circuits shown in Figs. 23(C) to 23(E) 
and Figs. 24(B) to 24(D) will be described by using Figs. 20 and 21. Figs. 20(A) to 
20(C) schematically show paths through which a current flows among circuit elements. 
Fig. 20(D) shows the relationship between the current flowing through each path and 
the time in writing the signal current to the current source circuit. Fig. 20(E) shows 
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the relationship between the voltage accumulated in a capacitor device 46, that is, the 
gate-source voltages of transistors 43 and 44, and the time in writing the signal current 
to the current source circuit. Further, in the circuit diagrams of Figs. 20(A) to 20(C), 
numeral 41 denotes a reference constant current source (hereinafter referred to as 
constant current source 41), a switch 42 is an element having a switching function, 
numerals 43 and 44 denote transistors, numeral 46 denotes a capacitor device, and 
numeral 47 denotes a pixel. The circuit including the switch 42, the transistors 43 and 
44, and the capacitor device 46 corresponds to a current source circuit 25. 

A source region of the n-channel transistor 43 is connected to Vss, and a drain 
region thereof is connected to the constant current source 41. A source region of the 
n-channel transistor 44 is connected to Vss, and a drain region thereof is connected to a 
terminal 48 of the pixel 47. One of electrodes of the capacitor device 46 is connected 
to Vss (the sources of the transistors 43 and 44), and the other electrode is connected to 
the gate electrodes of the transistors 43 and 44. The capacitor device 46 plays a role of 
holding gate-source voltages of the transistor 43 and the transistor 44. 

Note that, in practice, the current source circuit 25 is provided in the signal line 
driver circuit. A current corresponding to the signal current flows via, for example, a 
circuit element included in the signal line or the pixel, to the light emitting element from 
the current source circuit 25 provided in the signal line driver circuit. However, since 
Fig. 20 is a diagram for briefly explaining the outline of the relationship among the 
constant current source 41, the current source circuit 25, and the pixel 47, a detailed 
illustration of the structure is omitted. 

In the current source circuit 25 of Fig. 20, the sizes of the transistor 43 and the 
transistor 44 are important. Hereinafter, using different reference symbols, a case 
where the sizes of the transistors 43 and 44 are identical and a case where the sizes are 
mutually different will be described. Referring to Figs. 20(A) to 20(C), the case where 
the sizes of the transistors 43 and 44 are mutually identical will be described by using 
the signal current Idata- The case where the sizes of the transistors 43 and 44 are 
mutually different will be described by using a signal current Idatai and a signal current 
Idata2. Notc that the sizes of the transistors 43 and 44 are determined using the value of 
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W (gate width)/L (gate length) of each transistor. 

First, the case where the sizes of the transistors 43 and 44 are mutually 
identical will be described. To begin with, operation for retaining the signal current 
Idata in the current source circuit 20 will be described by using Figs. 20(A) and 20(B). 
Referring to Fig, 20(A), when the switch 42 is turned ON, the signal current Idata is set 
in the reference constant current source 41, and flows from the constant current source 
41 to the current source circuit 25. At this time, since the signal current Idata is flowing 
from the reference constant current source 41, the current flows separately through 
current paths Ii and I2 in the current source circuit 25, as shown in Fig. 20(A). Fig. 
20(D) shows the relationship at this time. Needless to say, the relationship is 
expressed as Idata = Ii + I2. 

The moment the current starts to flow from the constant current source 41, 
since no charge is yet accumulated in the capacitor device 46, the transistors 43 and 44 
are OFF. Accordingly, t = 0 and Idata = Ii are established. 

Then, charge is gradually accumulated into the capacitor device 46, and a 
potential difference begins to occur between both electrodes of the capacitor device 46 
(Fig. 20(E)). When the potential difference of both the electrodes has reached Vth 
(point A in Fig. 20)), the transistors 43 and 44 are turned ON, and I2 > 0 is established. 
As described above, since Idata = Ii + I2, while Ii gradually decreases, the current keeps 
flowing. Charge accumulation is continuously performed in the capacitor device 46. 

The potential difference between both the electrodes of the capacitor device 46 
serves as the gate-source voltage of each of the transistors 43 and 44. Thus, charge 
accumulation in the capacitor device 46 continues until the gate-source voltages of the 
transistors 43 and 44 each reach a desired voltage, that is, a gate-source voltage that 
allows the transistor 44 to be flown with the current Idata. When charge accumulation 
terminates (B point in Fig. 20(E)), the current I2 stops flowing. Further, since the 
transistors 43 and 44 are fully ON, Idata = I2 is established (Fig. 20(B)). 

Next, an operation for inputting the signal current Idata to the pixel will be 
described by using Fig. 20(C). First, the switch 42 is turned OFF. Since 
predetermined charge is retained in the capacitor device 46, the transistors 43 and 44 are 
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ON. A current identical with the signal current I<iata flows from the pixel 47. Thus, 
the signal current I^ata is input to the pixel. At this time, when the transistor 44 is set to 
operate in a saturation region, even if the source-drain voltage of the transistor 44 varies, 
the current flowing in the pixel can be flown without variation. 

In the case of a current mirror circuit shown in Fig. 20, even when the switch 
42 is not turned OFF, a current can be flown to the pixel 47 by using the cunent 
supplied from the constant current source 41. That is, the setting operation for setting 
a signal for the current source circuit 25 can be implemented simultaneously with the 
operation (input operation) for inputting a signal to the pixel. 

Next, a case where the sizes of the transistors 43 and 44 are mutually different 
will be described. An operation of the current source circuit 25 is similar to the 
above-described operation; therefore, a description thereof will be omitted here. When 
the sizes of the transistors 43 and 44 are mutually different, the signal cunent Idatai set in 
the reference constant current source 41 is inevitably different from the signal current 
Idata2 that flows to the pixel 47. The difference therebetween depends on the difference 
between the values of W (gate width)/L (gate length) of the transistors 43 and 44. 

In general, the W/L value of the transistor 43 is preferably set larger than the 
W/L value of the transistor 44. This is because the signal current Idatai can be 
increased when the W/L value of the transistor 43 is set large. In this case, when the 
current source circuit is set with the signal current Idatai, loads (cross capacitances, 
wiring resistances) can be charged. Thus, the setting operation can be completed 
quickly. 

The transistors 43 and 44 of the current source circuit 25 in each of Figs. 20(A) 
to 20(C) are of n-channel type, but the transistors 43 and 44 of the current source circuit 
25 may be of p-channel type. Here, Fig. 21 shows a circuit diagram in which the 
transistors 43 and 44 are of p-channel type. 

Referring to Fig. 21, numeral 41 denotes a constant current source, a switch 42 
is a semiconductor element having a switching function, numerals 43 and 44 denote 
transistors (p-channel type), numeral 46 denotes a capacitor device, and numeral 47 
denotes a pixel. In this embodiment mode, the switch 42, the transistors 43 and 44, 
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and the capacitor device 46 form an electric circuit corresponding to a cunent source 
circuit 26. 

A source region of the p-channel transistor 43 is connected to Vdd, and a drain 
region thereof is connected to the constant current source 41. A source region of the 
p-channel transistor 44 is connected to Vdd, and a drain region thereof is connected to a 
terminal 48 of the pixel 47. One of electrodes of the capacitor device 46 is connected 
to Vdd (source), and the other electrode is connected to the gate electrodes of the 
transistors 43 and 44. The capacitor device 46 plays a role of holding gate-source 
voltages of the transistors 43 and 44. 

Operation of the current source circuit 24 of Fig. 21 is similar to that shown in 
each of Figs. 20(A) to 20(C) except for the current-flow direction, and thus, a 
description thereof will be omitted here. In the case of designing the current source 
circuit in which the polarities of the transistors 43 and 44 are changed without changing 
the current-flow direction, the circuit diagram of Fig. 23 may be referenced. 

In addition, the transistor polarity can be changed without changing the 
cunent-flow direction. This conforms to the operation illustrated in Fig. 36, so that a 
description thereof will be omitted here. 

In summary, in the current source circuit of Fig. 19, the current having the 
same magnitude as that of the signal current Idata set in the current source flows to the 
pixel. In other words, the signal current Idata set in the constant current source is 
identical in value with the current flowing to the pixel. The current is not influenced 
by variation in characteristics of the transistors provided in the current source circuit. 

In each of the current source circuits of Fig. 19 and Fig. 6(B), the signal current 
Idata cannot be output to the pixel from the current source circuit in a period during 
which the setting operation is performed. Thus, two current source circuits are 
preferably provided for each signal line, in which an operation (setting operation) for 
setting a signal is performed to one of the current source circuits, and an operation 
(input operation) for inputting Idata to the pixel is performed using the other current 
source circuit. 

Incidentally, in the case where the setting operation and the input operation are 
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not performed at the same time, only one current source circuit may be provided for 
each column. The current source circuit of each of Figs. 37(A) and 38(A) is similar to 
the current source circuit of Fig. 19, except for the connection and current-flow paths. 
The current source circuit of Fig. 40(A) is similar to the current source circuit of Fig. 19, 
except for the difference in magnitude between the current supplied from the constant 
current source and the current flowing from the current source circuit. The current 
source circuits of Figs. 23(B) and 38(B) are similar to the current source circuit of Fig. 
19, except for the difference in magnitude between the current supplied from the 
constant current source and the current flowing from the current source circuit. 
Specifically, in the structure of Fig. 40(A), only the gate width W of the transistor is 
different between the setting operation and the input operation; in the structure of each 
of Figs. 23(B) and 38(B), only the gate length L is different between the setting 
operation and the input operation; and others are similar to those of the structure of the 
current source circuit in Fig. 19. 

On the other hand, in each of the cunent source circuits of Figs. 20 and 21, the 
signal current Idaia set in the constant current source and the value of the current flowing 
to the pixel are dependent on the sizes of the two transistors provided in the current 
source circuit. In other words, the signal cunent I^ata set in the constant current source 
and the current flowing to the pixel can be arbitrarily changed by arbitrarily designing 
the sizes (W (gate width)/L (gate length)) of the two transistors provided in the current 
source circuit. However, output of precise signal current I^ata to the pixel is difficult in 
the case where variation is caused in the characteristics of the two transistors, such as 
threshold values and mobilities. 

Further, in each of the current source circuits of Figs. 20 and 21, the signal can 
be input to the pixel in the period during which the setting operation is performed. 
That is, the operation (setting operation) for setting the signal can be performed 
simultaneously with the operation (input operation) for inputting the signal to the pixel. 
Thus, unlike the current source circuit of Fig. 19, two current source circuits do not 
need to be provided in a single signal line. 

The present invention with the above structure can suppress the influence of 
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variation in the TFT characteristics and supply a desired current to the outside. 
(Embodiment Mode 2) 

The above has described that, for the current source circuit shown in Fig. 19 (or. 
Fig. 40(A), 23(B), 38(B), or the like), preferably, two current source circuits are 
provided for each signal line (each column), in which one of the current source circuits 
is used to perform the setting operation, and the other current source circuit is used to 
perform the setting operation. This is because the setting operation and the input 
operation cannot be performed simultaneously. In this embodiment mode, the 
structure and operation of either the first current source circuit 421 or the second current 
source circuit 422 shown in Fig. 2 will be described with reference to Fig. 25, 

Note that the signal line driver circuit includes the current source circuit 420, 
the shift register, the latch circuits, and the like. 

In the present invention, a setting signal input from a terminal a corresponds to 
a sampling pulse from a shift resister. That is, the setting signal in Fig. 2 corresponds 
to the sampling pulse supplied from the shift resister. The present invention performs 
setting of the cunent source circuit 420 in accordance with the timing of the sampling 
pulse from the shift register. 

However, the sampling pulse is not input in certain structure of a current source 
circuit or driving method. The signal supplied from an output terminal of a logical 
operator that is connected to a setting control lime (not shown in Fig. 2). One of two 
input terminals of the logical operator is input with the signal supplied from the 
sampling pulse and the other is input with the signal from setting control line. 

The current source circuit 420 is controlled by a setting signal input via the 
terminal a; is supplied with a current (reference current) from the terminal b; and 
outputs a current proportional to the current (reference current) from the terminal c. 

Referring to Fig. 25(A), a circuit including switches 134 to 139, a transistor 
132 (n-channel type), and a capacitor device 133 for retaining a gate-source voltage 
VGS of the transistor 132 corresponds to the first current source circuit 421 or the 
second current source circuit 422. 

In the first current source circuit 421 or the second current source circuit 422, 
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the switch 134 and the switch 136 are turned ON by the signal input via the terminal a. 
Further, the switch 135 and the switch 137 are turned ON by the signal input from the 
control line via the terminal d. Then, a current (reference current) is supplied via the 
terminal b from the reference constant current source 109 connected to the current line, 
and a predetermined charge is retained in the capacitor device 133. The charge is 
retained in the capacitor device 133 until the current (reference current) that flows from 
the constant current source 109 becomes identical with a drain current of the transistor 
132. 

Subsequently, the switches 134 to 137 are turned OFF by the signals input 
through the terminals a and d. As a result, since the predetermined charge is retained 
in the capacitor device 133, the transistor 132 has a capability of flowing a current 
having a magnitude corresponding to that of the signal current Idata- If the switch 101 
(signal current control switch), the switch 138, and the switch 139 are turned to the 
conductive state, current flows to a pixel connected to the signal line via a terminal c. 
At this time, since the gate voltage of the transistor 132 is maintained at a 
predetermined gate voltage by the capacitor device 133, a drain current corresponding 
to the signal current I^ata flows to the drain region of the transistor 132. Thus, the 
magnitude of the current flown through the pixel can be controlled without being 
influenced by the variation in characteristics of the transistors constituting the signal 
line driver circuit. 

In the case where the switch 101 (signal current control switch) is not arranged, 
when the switches 138 and 139 are turned to the conductive state, current flows to the 
pixel connected to the signal line via the terminal c. 

Referring to Fig. 25(B), a circuit including switches 144 to 147, a transistor 
142 (n-channel type), a capacitor device 143 for retaining a gate-source voltage VGS of 
the transistor 142, and a transistor 148 (n-channel type) corresponds to the first current 
source circuit 421 or the second current source circuit 422. 

In the first current source circuit 421 or the second current source circuit 422, 
the switch 144 and the switch 146 are turned ON by the signal input via the terminal a. 
Further, the switch 145 and the switch 147 are turned ON by the signal input from the 
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control line via the terminal d. Then, a current (reference current) is supplied via the 
terminal b from the constant current source 109 connected to the current line, and 
charge is retained in the capacitor device 143, The charge is retained in the capacitor 
device 143 until the current (reference current) that is flown from the constant current 
source 109 becomes identical with a drain current of the transistor 142. When the 
switch 144 and the switch 145 are turned ON, since a gate-source voltage VGS of the 
transistor 148 is set to 0 V, the transistor 148 is automatically turned OFF. 

Subsequently, the switches 144 to 147 are turned OFF by the signals input via 
the terminals a and d. As a result, since the predetermined charge is retained in the 
capacitor device 143, the transistor 142 has a capability of flowing a current having a 
magnitude corresponding to that of the signal current Idata. If the switch 101 (signal 
current control switch) is turned to the conductive state, current is supplied to a pixel 
connected to the signal line via the terminal c. At this time, the gate voltage of the 
transistor 142 is previously set to a predetermined gate voltage by the capacitor device 
143, and a drain current corresponding to the signal current Idaia flows to the drain 
region of the transistor 142. Thus, the magnitude of the current flown through the 
pixel can be controlled without being influenced by the variation in characteristics of 
the transistors constituting the signal line driver circuit. 

When the switches 144 and 145 are turned OFF, a gate and a source of the 
transistor 142 do not have the same potential. As a result, since the charge retained in 
the capacitor device 143 is distributed also to the transistor 148, and the transistor 148 is 
automatically turned ON. Here, the transistors 142 and 148 are coupled in series, and 
the gates thereof are connected to each other. Therefore, the transistors 142 and 148 
each operate as a multi-gate transistor. That is, a gate length L of the transistor differs 
between the setting operation and the input operation. Thus, the value of current 
supplied from the terminal b in the setting operation can be made larger than the value 
of current supplied from the terminal c in the input operation. Thus, various loads 
(such as wiring resistance and cross capacitance) disposed between the terminal b and 
the reference constant current source can be charged even faster. Consequently, the 
setting operation can be completed quickly. In the case where the switch 101 (signal 
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current control switch) is not arranged, when the switches 144 and 145 are turned OFF, 
current flows to the pixel connected to the signal line via the terminal c. 

Note that Fig. 25(A) corresponds to a structure in which the terminal d is added 
to the structure of Fig, 23(A). Fig. 25(B) corresponds to a structure in which the 
terminal d is added to the structure of Fig. 23(B). Thus, the structures of Figs. 23(A) 
and 23(B) are added with switches arranged in series, thereby being modified to those 
of Figs. 25(A) and 25(B) each of which is added with the terminal d. The structure of 
the current source circuit shown in Fig. 23, 24, 38, 37, or 40 can be arbitrarily used by 
arranging two switches in series in the first current source circuit 421 or the second 
cunent source circuit 422. 

The structure in which the current source circuit 420 including for each signal 
line the two current source circuits, namely, the first and second current source circuits 
421 and 422, is shown in Fig. 2, However, the present invention is not limited to this. 
The number of current source circuits per one signal line is not particularly limited, and 
can be set arbitrarily. A plurality of current source circuits may be set such that 
constant current sources are provided corresponding thereto, and that signal currents are 
set to the current source circuits by the constant current sources. For example, three 
current source circuits 420 may be provided for each signal line. Then, a signal 
cunent may be set by different reference constant current sources 109 for the respective 
current source circuits 420. For example, it may be such that a 1-bit reference constant 
current source is used to set a signal current for one of the current source circuits 420, a 
2-bit reference constant current source is used to set a signal current for one of the 
current source circuits 420, and a 3-bit reference constant current source is used to set a 
signal current for one of the current source circuits 420. Thus, 3-bit display can be 
performed. 

The present invention with the above structure can suppress the influence of 
variation in TFT characteristics and supply a desired current to the outside. 

This embodiment mode may be arbitrarily combined with Embodiment Mode 

1. 

(Embodiment Mode 3) 
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In this embodiment mode, the structure of a light emitting device including the 
signal line driver circuit of the present invention will be described using Fig. 15. 

Referring to Fig. 15(A), the light emitting device includes a pixel portion 402 
including a plurality of pixels arranged in matrix on a substrate 401, and includes a 
signal line driver circuit 403 and first and second scanning line driver circuits 404 and 
405 in the periphery of the pixel portion 402. While the signal line driver circuit 403 
and the two scanning line driver circuits 404 and 405 are provided in Fig. 15(A), the 
present invention is not limited to this. The number of driver circuits may be 
arbitrarily designed depending on the pixel structure. Signals are supplied from the 
outside to the signal line driver circuit 403 and the first and second scanning line driver 
circuits 404 and 405 via FPCs 406, 

The structures and operations of the first and second scanning line driver 
circuits 404 and 405 will be described using Fig. 15(B). The first and second scanning 
line driver circuits 404 and 405 each include a shift register 407 and a buffer 408. The 
shift register 407 sequentially outputs sampling pulses in accordance with a clock signal 
(G-CLK), a start pulse (S-SP), and an inverted clock signal (G-CLKb). Thereafter, the 
sampling pulses amplified in the buffer 408 are input to scanning lines, and the scaiming 
lines are set to be in a selected state for each line. Signals are sequentially written to 
pixels controlled by the selected signal lines. 

Note that the structure may be such that a level shifter circuit is arranged 
between the shift register 407 and the buffer 408. Disposition of the level shifter 
circuit enables the voltage amplitude to be increased. 

This embodiment mode may be arbitrarily combined with Embodiment Modes 

1 and 2. 

(Embodiment Mode 4) 

In this embodiment mode, the detailed structure and operation of the signal line 
driver circuit 403 shown in Fig. 15(A) will be described. In this embodiment mode, 
the signal line driver circuit 403 used in the case of performing 1-bit digital gradation 
display will be described. 

First, the case corresponding to Fig. 1 will be described. In addition, a case of 
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line-sequential drive will be described here. 

Fig. 6(A) is a schematic view of the signal line driver circuit 403 used in the 
case of performing 1-bit digital gradation display. The signal line driver circuit 403 
includes a shift register 411, a first latch circuit 412, a second latch circuit 413, and a 
constant current circuit 414. 

Operations will be briefly described. The shift register 411 is constituted by, 
for example, a plurality of flip-flop circuits (FFs). In accordance with the timing of a 
clock signal (S-CLK), a start pulse (S-SP), and an inverted clock signal (S-CLKb), 
sampling pulses are sequentially output. 

The sampling pulses, which have been output from the shift register 411, are 
input to the first latch circuit 412. Digital video signals have been input to the first 
latch circuit 412, and a video signal is retained in each column in accordance with the 
input timing of the sampling pulse. 

In the first latch circuit 412, upon completion of video-signal retaining 
operations in columns to the last column, during a horizontal return period, a latch pulse 
is input to the second latch circuit 413, and video signals retained in the first latch 
circuit 412 are transferred in batch to the second latch circuit 413. As a result, one-line 
video signals retained in the second latch circuit 413 are input to the constant current 
circuit 414 at the same time. 

While the video signals retained in the second latch circuit 413 are being 
supplied to the constant current circuit 414, sampling pulses are again output in the shift 
register 411. Thereafter, the operation is iterated, and one-frame video signals are 
processed. There may be a case where the constant current circuit 414 plays a role of 
converting a digital signal into an analog signal. 

In the present invention, the sampling pulses that are output from the shift 
register 411 are input to the constant current circuit 414. 

In the constant current circuit 414, a plurality of current source circuits 420 are 
provided. Fig. 6(B) outlines the signal line driver circuit relating to three signal lines 
in i-th to (i+2)-th columns. 

The current source circuit 420 is controlled by a signal input through a terminal 
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a. In addition, the current source circuit 420 is supplied with a current via a terminal b 
from a reference constant current source 109 connected to a current line. A switch 101 
(signal current control switch) is provided between the current source circuit 420 and a 
pixel connected to a signal line Sn, and the switch 101 (signal current control switch) is 
controlled by the video signal. In the case where the video signal is a bright signal, a 
current is supplied from the current source circuit 420 to the pixel. On the contrary, in 
the case where the video signal is a dark signal, the switch 101 (signal current control 
switch) is controlled not to supply a current to the pixel. That is, the current source 
circuit 420 has a capability of flowing a predetermined current, and whether the current 
is supplied to the pixel or not is controlled by the switch 101 (signal cunent control 
switch). 

In the present invention, the signal input to the current source circuit 420 
through the terminal a corresponds to the sampling pulse supplied from the shift register. 
Depending on the structure or drive system of the current source circuit, the sampling 
pulse is not directly input, and instead, a signal supplied from an output terminal of a 
logical operator connected to a setting control line (not shown in Fig. 6) is input. 

One of two input terminals of the logical operator is input with the sampling 
pulse, and the other input terminal is input with the signal supplied from the setting 
control line. Thus, the setting of the current source circuit 420 is performed in 
accordance with the timing of the sampling pulse or the signal supplied from the output 
terminal of the logical operator connected to the setting control line. 

Note that the signal line driver circuit having the setting control line and the 
logical operator is shown in Fig. 42. In the structure shown in Fig. 42, a switch or the 
like may be arranged instead of the logical operator. 

Further, as to the structure of the current source circuit 420, the structure of the 
current source circuit 420 shown in Fig. 23, Fig. 24, Fig. 38, Fig. 37, Fig. 40, or the like 
can be arbitrarily taken. 

Moreover, one or a plurality of structures may be adopted for the current 
source circuit 420. Note that, in the case where the structures shown in Figs. 23(A) 
and 24(A) are used for the current source circuit 420, a setting operation cannot be 
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conducted while an input operation is conducted. Therefore, the setting operation 
needs to be performed while the input operation is not performed. Incidentally, there is 
a case where periods during which the input operation is not performed are dotted about 
one frame. Thus, in such a case, it is not preferable that columns are sequentially 
selected but preferable that an arbitrary column can be selected. Therefore, it is 
desirable that a decoder circuit or the like capable of conducting random selection is 
used as a shift register. In Fig. 43, the decoder circuit is shown as an example. When 
the decoder circuit shown in Fig. 43 is used, the setting operation of the cunent source 
circuit is not performed from the first column to the last column in order, and can be 
performed randomly. Then, the length of the time for conducting the setting operation 
can be freely set long. 

Aside from the above decoder circuit, the circuit shown in Fig. 44(A) may be 
used. In Fig. 44(A), pulses output from a shift register and signals supplied from 
output control lines (flrst to third output control lines) are input to logical operators. 
As shown in Fig. 44(B), the pulses of the respective output control lines are controlled, 
whereby sampling pulses can be output from the first column to the last column in order. 
That is, a waveform similar to that in the prior art can be output. 

Further, when an operation different from that in the prior art needs to be 
performed, as shown in Fig. 45(A), the second and third output control lines are turned 
in a non-selected state in the state in which the first output control line is in a selected 
state. Then, a first-column sampling pulse is output for a period longer than that in the 
prior art. Therefore, after the first-column sampling pulse is output, a fourth-column 
sampling pulse is output. Similarly, as shown in Fig. 45(B), in the state in which the 
second output control line is in a selected state, the first and third output control lines 
are turned in a non-selected state. Then, a second-column sampling pulse is output for 
a period longer than that in the prior art. Thus, after the second-column sampling 
pulse is output, a fifth-column sampling pulse is output. In the above structure, 
random selection is not completely performed from the first column to the last column, 
but only a certain specific column can be selected for a period longer than that in a 
general case. Therefore, the setting operation of the current source circuit can be 
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performed more freely. 

Further, the circuit shown in Fig. 46 may be used. In Fig. 46, the operation is 
controlled through a control 1 and a control 2. When the control 1 and the control 2 
are turned in a selected state, a switch arranged between a first shift register and a 
second shift register is in a conductive state, and a switch arranged between the second 
shift register and a third shift register is in a conductive state. In other words, there is 
obtained a state in which the first shift register, the second shift register, and the third 
shift register are connected with one another. In such a state, when a start pulse signal 
is input to SP, the pulse from the first shift register shifts to the second shift register, and 
the pulse from the second shift register shifts to a third shift register. That is, a 
waveform similar to that in the prior art can be output. Then, when an operation 
different from that in the prior art needs to be conducted, the control 1 is turned in a 
non-selected state. Thus, the switch ananged between the first shift register and the 
second shift register is in a non-conductive state, and a switch arranged between the 
second shift register and SPl is in a conductive state. Then, the start pulse signal is 
input to not SP but SPl. Thus, a sampling pulse is output from the second shift 
register. That is, the sampling pulse starts to be output from the midway column 
among the first to last columns. When another different operation needs to be 
conducted, the control 2 is turned in a non-selected state. Thus, the switch arranged 
between the second shift register and the third shift register is in a non-conductive state, 
and a switch arranged between the third shift register and SP2 is in a conductive state. 
Then, the start pulse signal is input to SP2, Thus, a sampling pulse starts to be output 
from the third shift register. As described above, in the structure of Fig. 46, random 
selection is not completely performed from the first column to the last column, but only 
columns in a certain specific range can be selected. At this time, a frequency of a 
clock signal is lowered, whereby selection for a period longer than that in the prior art 
becomes possible. Therefore, the setting operation of the current source circuit can be 
conducted more freely. 

When the column or current source circuit can be selected randomly or freely 
on some level to perform the setting operation of the current source circuit as described 
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above, various advantages are exhibited. For example, in the case where periods 
during which the setting operation can be performed are dotted in one frame, when an 
arbitrary column can be selected, the degree of freedom is increased, and the setting 
operation period can be set long. Another advantage is that the influence of charge 
leakage in the capacitor device (corresponding to, for example, a capacitor device 103 
in Fig. 23(A), a capacitor device 123 in Fig. 23(B), or a capacitor device 107 in Fig. 
23(B)) arranged in the current source circuit 420 can be made inconspicuous. 

The capacitor device is arranged in the current source circuit 420. 
Incidentally, the capacitor device may be substituted by a gate capacitance of the 
transistor. A predetermined charge is accumulated in the capacitor device through the 
setting operation for the current source circuit. Ideally, the setting operation for the 
current source circuit may be performed only once when the power source is input. 
Specifically, when the signal line driver circuit is operated, the setting operation may be 
performed only once during the initial period of the operation. This is because the 
amount of charge accumulated in the capacitor device does not need to be varied 
depending on, for example, the operation state and the time, and is not varied. In 
practice, however, various noises may enter the capacitor device, or a leak current flows 
from the transistor connected to the capacitor device. As a result, the amount of 
charge accumulated in the capacitor device may gradually vary as time passes. When 
the charge amount varies, the current to be output from the current source circuit, that is, 
the current to be input to the pixel also varies. As a result, the luminance of the pixel 
varies. To prevent the variation in the charge accumulated in the capacitor device, 
there arises a need that the setting operation for the current source circuit is periodically 
performed in a certain cycle, the charge is refreshed, the varied charge is returned to the 
original state, and the proper amount of charge is restored. 

Suppose, in the case where the variation amount of charge accumulated in the 
capacitor device is large, the setting operation for the current source circuit is performed, 
the charge is refreshed, the varied charge is returned to the original state, and the proper 
amount of charge is restored. In association with this, the variation is increased in the 
amount of the current output from the current source circuit. Thus, when the setting 
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operation is sequentially performed from the first column, a case may occur in which 
there develops a display disturbance at a degree that the variation in the amount of the 
current output from the current source circuit is recognizable by the human eye. That 
is, a case may occur in which there develops a display disturbance at a degree that the 
variation in the luminance of the pixel, which is caused sequentially from the first 
column, is recognizable by the human eye. In this case, when the setting operation is 
not sequentially performed from the first column but performed at random, the variation 
in the amount of the current output from the current source circuit can be made 
inconspicuous. As described above, the random selection for the plurality of wirings 
produces various advantages. 

On the other hand, in the case where the structure shown in any of Figs. 23(C) 
to (E) is used for the current source circuit 420, the setting operation and the input 
operation can be performed at the same time. However, also in the case of using the 
current source circuit capable of simultaneously performing the setting operation and 
the input operation, fluctuation of the amount of the current output from the current 
source circuit can be made inconspicuous, and the period for conducting the setting 
operation can be set long. Thus, random selection is very effective. 

With reference to Fig. 6(B), although the setting operation is performed for 
each column, the present invention is not limited to this. As shown in Fig. 47, the 
setting operation may be simultaneously performed for a plurality of columns. Here, 
to perform the setting operation for a plurality of columns at a time is referred to as to 
make multi phases. Referring to Fig. 47, while two reference constant current sources 
109 are arranged, the setting operation may be performed for the two reference constant 
current sources through differently arranged reference constant current sources. 

Hereinafter, a description will be made of the detailed structure and operation 
of the constant current circuit 414 shown in Fig. 6(B). 

Here, Fig. 5 shows a circuit in the case where the structure of Fig. 23(C) is 
applied to the portion of a current source circuit. Fig. 48 shows a circuit in the case 
where the structure of Fig. 23(A) is applied to the portion of a current source circuit. 
Figs. 3 and 4 each show a circuit in which a plurality of (two) current source circuits are 
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arranged in one column as shown in Fig. 2, the circuit being in the case where the 
structure of Fig. 23(A) is applied to the portion of a current source circuit. First, the 
structures shown in Figs. 3 and 4 are explained. 

At first, a description will be made of the constant current circuit 414 having a 
current source circuit with the structure shown in Fig. 6(A). Note that, in the structure 
shown in Fig. 6(A), the setting operation for making a signal held in the current source 
circuit and the operation for inputting a signal from the current source circuit to a pbcel 
(input operation) cannot be performed at the same time. Therefore, it is preferable that 
two current source circuits are provided for each signal line and that the setting 
operation is conducted in one of the current source circuits while the input operation is 
conducted in the other current source circuit. 

In the current source circuit 420 provided in each column in Figs. 3 and 4, 
whether a predetermined signal current is output to a signal line Si (1 i n) or not is 
controlled in accordance with information of a digital video signal input from the 
second latch circuit 413. 

In Fig. 3, the current source circuit 420 has a first current source circuit 421 
and a second current source circuit 422. Then, one of the first current source circuit 
421 and the second current source circuit 422 conducts a setting operation, and the other 
current source circuit conducts an input operation. The first current source circuit 421 
and the second current source circuit 422 each have a plurality of circuit elements. 
The first current source circuit 421 has a NAND 70, an inverter 71, an inverter 72, an 
analog switch 73, an analog switch 74, transistors 75 to 77, and a capacitor element 78. 
Then, the second current source circuit 422 has a NAND 80, an inverter 81, an inverter 
82, an inverter 89, an analog switch 83, an analog switch 84, transistors 85 to 87, and a 
capacitor element 88. In this embodiment mode, the transistors 75 to 77 and the 
transistors 85 to 87 are all of n-channel type. 

In the first current source circuit 421, input terminals of the NAND 70 are 
connected to the shift register 411 and to a control line 92, and an output terminal of the 
NAND 70 is connected to an input terminal of the inverter 71. An output terminal of 
the inverter 71 is connected to gate electrodes of the transistor 75 and the transistor 76. 
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The analog switch has four terminals. By the signals input to two of the four 
terminals, conductivity or non-conductivity is established between the rest of two 
terminals. 

Conductivity or non-conductivity is selected for the analog switch 73 by the 
signal input from the output terminal of the NAND 70 and the signal input from the 
output terminal of the inverter 71. An input terminal of the inverter 72 is connected to 
the control line 92. Then, conductivity or non-conductivity is selected for the analog 
switch 74 by the signals input from the control line 92 and the output terminal of the 
inverter 72. 

One of a source region and a drain region of the transistor 75 is connected to a 
current line 93, and the other region is connected to one of a source region and a drain 
region of the transistor 77. One of a source region and a drain region of the transistor 
76 is connected to the current line 93, and the other region is connected to one of 
terminals of the capacitor element 78 and a gate electrode of the transistor 77. One of 
a source region and a drain region of the transistor 77 is connected to Vss, and the other 
region is connected to the analog switch 73. 

A reference constant current source (not shown) is connected to the current line 

93. 

One of electrodes of the capacitor element 78 is connected to Vss, and the 
other electrode is connected to the gate electrode of the transistor 77. The capacitor 
element 78 plays a role of holding a gate-source voltage of the transistor 77. 

In the second current source circuit 422, an input terminal of the inverter 89 is 
connected to the control line 89. Then, an output terminal of the inverter 89 is 
connected to one of input terminals of the NAND 80. Further, the other input terminal 
of the NAND 80 is connected to the shift register 411. An output terminal of the 
NAND 80 is connected to an input terminal of the inverter 81. An output terminal of 
the inverter 81 is connected to gate electrodes of the transistor 85 and the transistor 86. 

Conductivity or non-conductivity is selected for the analog switch 83 by the 
signal input from the output terminal of the NAND 80 and the signal input from the 
output terminal of the inverter 81. Further, an input terminal of the inverter 82 is 



' 45 

connected to the control line 92. Then, conductivity or non-conductivity is selected for 
the analog switch 84 by the signals input from the control line 92 and an output terminal 
of the inverter 82. 

One of a source region and a drain region of the transistor 85 is connected to 
the current line 93, and the other region is connected to one of a source region and a 
drain region of the transistor 87. One of a source region and a drain region of the 
transistor 86 is connected to the current line 93, and the other region is connected to one 
of terminals of the capacitor element 88 and to a gate electrode of the transistor 87. 
One of the source region and the drain region of the transistor 87 is connected to Vss, 
and the other region is connected to the analog switch 83. 

One of electrodes of the capacitor element 88 is connected to Vss, and the 
other electrode is connected to the gate electrode of the transistor 87, The capacitor 
element 88 plays a role of holding a gate-source voltage of the transistor 87. 

Here, the operation of the current source circuit in Fig. 3 is described with 
reference to Fig. 28. 

Fig. 28 is a timing chart of the setting control line 92 and scanning lines of first 
to third lines. The operation of the current source circuit 420 in a period A is 
described with reference to Fig. 3, and the operation of the current source circuit 420 in 
a period B is described with reference to Fig. 4. In the period A, the setting operation 
is conducted in the first current source circuit 421, and the input operation is conducted 
in the second current source circuit 422. In the period B, the input operation is 
conducted in the first current source circuit 421, and the setting operation is conducted 
in the second current source circuit 422. 

First, the operation of the current source circuit 420 in the period A will be 
explained. At first, the operation of the first current source circuit 421 for conducting 
the setting operation is explained. 

In the period A, the signal input from the setting control line 92 is High. Then, 
sampling pulses (corresponding to signals of High) are sequentially input from the shift 
register 411 to respective columns. The NAND 70 conducts logic operation to the 
signals (both the signals are High) input from the shift register 411 and the setting 
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control line 92 to output Low. The inverter 71 conducts logic operation to the input 
signal (Low) to output High. 

Signals (High) are input to the gate electrodes of the transistors 75 and 76 from 
the output terminal of the inverter 71, and then, the transistors 75 and 76 are turned ON. 
Thereafter, the current supplied from the current line 93 flows through the capacitor 
element 78 via the transistors 75 and 76 to reach Vss. Then, charge starts to be 
accumulated in the capacitor element 78. 

Subsequently, the charge is gradually accumulated in the capacitor element 78, 
and the potential difference starts to be developed between the electrodes. When the 
potential difference reaches Vth, the transistor 77 is turned ON from OFF In the 
capacitor element 78, the accumulation of the charge is continued until the potential 
difference between both the electrodes, namely, the gate-source voltage of the transistor 
77 reaches a desired voltage. In other words, the accumulation of the charge is 
continued until the voltage enough for a signal current to flow through the transistor 77 
is reached. With the lapse of time, the accumulation of the charge is completed. 

At this time, the analog switch 73 and the analog switch 74 are in an OFF state. 

Next, a description will be made of the operation of the second current source 
circuit 422 for conducting the input operation (output of a current to a pixel). Note 
that, in the second current source circuit 422, the setting operation has already been 
conducted, and a predetermined charge is held in the capacitor element 88. 

In the period A, the signal input from the setting control line 92 is High. The 
inverter 89 conducts logic operation to the input signal (High) to output Low. The 
NAND 80 conducts logic operation to the signals input from the inverter 89 and the 
shift register 411 to output High. The inverter 81 conducts logic operation to the input 
signal (High) to output Low. 

Signals (Low) are input to the gate electrodes of the transistors 85 and 86 from 
the output terminal of the inverter 81, and then, the transistors 85 and 86 are turned 
OFF. 

On the other hand, the analog switch 83 is turned ON by the signal (High) 
input from the output terminal of the NAND 80 and the signal (Low) input from the 
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output terminal of the inverter 81. The analog switch 84 is turned ON by the signal 
(High) input from the setting control line 92 and the signal (Low) input from the output 
terminal of the inverter 82. 

The predetermined charge is held in the capacitor element 88, and the transistor 
87 is in an ON state. In this state, a drain current of the transistor 87 is equal to a 
signal current. 

The analog switch 90 is turned ON or OFF by the signal input from the second 
latch circuit 413 and the signal input from the inverter 90. In the structure shown in 
Fig. 3, when a signal of High is input from the second latch circuit 413, the analog 
switch 90 is turned ON, and when a signal of Low is input from the second latch circuit 
413, the analog switch 90 is turned OFF. 

Here, assume that the signal of High is input from the second latch circuit 413 
and that the analog switch 90 is in an ON state. Then, a cunent flows through the 
signal line (SI) and the transistor 87 to reach Vss. The current value at this time is 
equal to the value of a signal current. In other words, a predetermined signal current is 
supplied to the pixel connected to the signal line (SI). 

At this time, if the transistor 87 is made to operate in a saturation region, the 
current supplied to the pixel does not change even when the source-drain voltage of the 
transistor 87 is changed. 

Next, the operation of the current source circuit 420 in the period B is 
described with reference to Fig. 4. At first, a description is made of the operation of 
the first current source circuit 421 for conducting the input operation (output of a 
current to a pixel). Note that, in the first current source circuit 421, the setting 
operation has already been conducted, and a predetermined charge is held in the 
capacitor element 78. 

In the period B, the signal input from the setting control line 92 is Low. The 
NAND 70 conducts logic operation to the signals input from the shift register 411 and 
the setting control line 92 to output High. The inverter 71 conducts logic operation to 
the input signal (High) to output Low. 

Signals (Low) are input to the gate electrodes of the transistors 75 and 76 from 
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the output terminal of the inverter 71, and then, the transistors 75 and 76 are turned 
OFF. 

On the other hand, the analog switch 73 is turned ON by the signal (High) 
input from the output terminal of the NAND 70 and the signal (Low) input from the 
output terminal of the inverter 71. Further, the analog switch 74 is turned ON by the 
signal (Low) input from the setting control line 92 and the signal (High) input from the 
output terminal of the inverter 72. 

The predetermined charge is held in the capacitor element 78, and the transistor 
77 is in an ON state. In this state, a drain current of the transistor 77 is equal to a 
signal current. 

Here, assume that the signal of High is input from the second latch circuit 413 
and that the analog switch 90 is in an ON state. Then, a current flows through the 
signal line (SI) and the transistor 77 to reach Vss. The current value at this time is 
equal to the value of a signal current. In other words, a predetermined signal current is 
supplied to the pixel connected to the signal line (SI). 

At this time, if the transistor 77 is made to operate in a saturation region, the 
current supplied to the pixel does not change even when the source-drain voltage of the 
transistor 77 is changed. 

Next, a description will be made of the operation of the second current source 
circuit 422 for conducting the setting operation in the period B. 

In the period B, the signal input from the setting control line 92 is Low. The 
inverter 89 conducts logic operation to the input signal (Low) to output High. The 
NAND 80 conducts logic operation to the signals (one of the signals is High) input from 
the inverter 89 and the shift register 411 to output Low. Then, the inverter 81 conducts 
logic operation to the input signal (Low) to output High. 

Signals (High) are input to the gate electrodes of the transistors 85 and 86 from 
the output terminal of the inverter 81, and the transistors 85 and 86 are turned ON. 
Thereafter, the current supplied from the current line 93 flows through the capacitor 
element 88 via the transistors 85 and 86 to reach Vss. Then, charge starts to be 
accumulated in the capacitor element 88. 
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Subsequently, the charge is gradually accumulated in the capacitor element 88, 
and the potential difference starts to be developed between the electrodes. When the 
potential difference between both the electrodes reaches Vth, the transistor 87 is turned 
ON from OFF. In the capacitor element 88, the accumulation of the charge is 
continued until the potential difference between both the electrodes, namely, the 
gate-source voltage of the transistor 87 reaches a desired voltage. In other words, the 
accumulation of the charge is continued until the voltage enough for a signal current to 
flow through the transistor 87 is reached. 

At this time, the analog switches 83 and 84 are in an OFF state. 

Note that the setting operation and the input operation are switched every one 
line in the operation described above with reference to Fig. 28. However, the present 
invention is not limited to this. The setting operation and the input operation may be 
switched every several lines. 

Note that the transistors of the current source circuit 420 shown in either Fig. 3 
or 4 are all of n-channel type here, but the present invention is not limited to this, 
P-channel transistors can be used in the current source circuit 420 shown in Fig. 3 or 4. 
Note that the operation of the current source circuit 420 in the case of using p-channel 
transistors is the same as the above-described operation except the point in that the 
direction in which a current flows is changed and the point in that the capacitor element 
is connected to not Vss but Vdd. 

Further, the case where Vss is not replaced with Vdd when p-channel 
transistors are used in the current source circuit 420 shown in Fig. 3 or 4, that is, the 
case where the direction in which a current flows does not change, can be applied easily 
with the comparison between Fig. 23 and Fig. 24. Further, the transistor that is 
operated as a mere switch may have either polarity. 

Subsequently, the structure and the operation of the constant current circuit 414, 
which are different from those in the above, are described with reference to Fig. 5. In 
the current source circuit 420 provided in each column, whether a predetermined signal 
current Idata is output to the signal line Si (1 ^ i ^ n) is controlled in accordance with 
information of a digital video signal input from the second latch circuit 413. 
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Note that the structure of Fig. 5 corresponds to a circuit in which one current 
source circuit is arranged for one column. 

In Figs. 5(A) to (C), the current source circuit 420 has transistors 94 to 97 and a 
capacitor element 99. In this embodiment mode, the transistors 94 to 97 are all of 
n-channel type. 

A gate electrode of the transistor 94 is input with the signal from the second 
latch circuit 413. Further, one of a source region and a drain region of the transistor 94 
is connected to the source signal line (SI), and the other region is connected to one of a 
source region and a drain region of the transistor 95. Sampling pulses are input to gate 
electrodes of the transistor 97 and the transistor 98 from the shift register 411. One of 
a source region and a drain region of the transistor 97 is connected to one of a source 
region and a drain region of the transistor 96, and the other region is connected to one of 
electrodes of the capacitor element 99. One of a source region and a drain region of 
the transistor 98 is connected to the current line 93, and the other region is connected to 
one of the source region and the drain region of the transistor 96. 

One of electrodes of the capacitor element 99 is connected to gate electrodes of 
the transistor 95 and the transistor 96, and the other electrode is connected to Vss. The 
capacitor element 99 plays a role of holding gate-source voltages of the transistor 95 
and the transistor 96. 

One of the source region and the drain region of the transistor 95 is connected 
to Vss, and the other region is connected to one of the source region and the drain 
region of the transistor 94. One of the source region and the drain region of the 
transistor 95 is connected to Vss, and the other region is connected to one of the source 
region and the drain region of the transistor 98. 

Here, the operation of the current source circuit 420 shown in Fig. 5 is 
explained with reference to Fig. 5(A) to Fig. 5(C). 

First, the sampling pulses are input to the gate electrodes of the transistors 97 
and 98 from the shift register 411, and both the transistors are turned ON. Then, the 
current supplied from the current line 93 flows to the capacitor element 99 through the 
transistors 98 and 97. At this time, a signal is not input to the gate electrode of the 
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transistor 94 from the second latch circuit 413, and the transistor 94 is in an OFF state. 

Charge is gradually accumulated in the capacitor element 99, and the potential 
difference starts to be developed between the electrodes. When the potential 
difference between both the electrodes reaches Vth, the transistors 95 and 96 are turned 
ON. 

In the capacitor element 99, the accumulation of the charge is continued until 
the potential difference between both the electrodes, namely, the gate-source voltages of 
the transistors 95 and 96 reach desired voltages. In other words, the accumulation of 
the charge is continued until the voltage enough for a current corresponding to a signal 
current to flow through the transistors 95 and 96 is reached (Fig. 5(A)). 

With the lapse of time, the accumulation of the charge is completed (Fig. 5(B)). 

Subsequently, the transistor 94 is turned ON by the signal (corresponding to a 
digital video signal) that is input from the second latch circuit 413. At this time, a 
sampling pulse is not input to the gate electrode of the transistor 94 from the shift 
register 411, and the transistors 97 and 98 in on OFF state. Then, since a 
predetermined charge is held in the capacitor element 99, the transistors 95 and 96 are in 
an ON state. Thus, a current flows through the signal line (SI) via the transistors 94 
and 95 in a direction toward Vss. The current value at this time is equal to the value of 
a signal current. In other words, a predetermined signal current is supplied to the pixel 
connected to the signal line (SI). 

At this time, if the transistor 95 is made to operate in a saturation region, the 
current supplied to the pixel does not change even when the source-drain voltage of the 
transistor 95 is changed. 

Further, the transistors of the current source circuit 420 shown in Fig. 5 are all 
of n-channel type in this embodiment mode, but the present invention is not limited to 
this. P-channel transistors can be used in the current source circuit 420 shown in Fig. 
5. Note that the operation of the current source circuit 420 in the case of using 
p-channel transistors is the same as the above-described operation except the point in 
that a direction in which a current flows is changed and the point in that the capacitor 
element is connected to not Vss but Vdd. 
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Moreover, as shown in Fig. 21, Fig. 23(C) to Fig. 23(E), Fig. 24(B) to Fig. 
24(D), and the like, circuit elements of the current source circuit 420 may have different 
connection structures. The operation of the current source circuit 420 at this time is 
the same as the operation of the current source circuit 420 explained with reference to 
Fig. 5, and thus, a description thereof is omitted in this embodiment mode. 

Further, the case where Vss is not replaced with Vdd when p-channel 
transistors are used in the current source circuit 420 shown in Fig. 5, that is, the case 
where the direction in which a current flows does not change, can be applied easily with 
the comparison between Fig. 23 and Fig. 24. Note that the transistor that is operated as 
a mere switch may have either polarity. 

Note that the structure in Fig. 5 shows a circuit in which one current source 
circuit is arranged for one column. In this case, when the structure shown in Fig. 
23(A) or 24(A) is used for the current source circuit 420, a setting operation caimot be 
conducted while an input operation (output of a current to a pixel) is conducted. 
Therefore, the setting operation needs to be performed while the input operation (output 
of a current to a pixel) is not performed. On the other hand, when the structure shown 
in one of Figs. 23(C) to 23(E) is used for the current source circuit 420, the setting 
operation and the input operation can be simultaneously performed even in the case 
where one current source circuit is arranged for one column. 

Subsequently, the detailed structure of the constant current circuit 414 shown in 
Figs. 42(A) and (B) is shown in Fig. 49, Fig. 50 and Fig. 51. Here, Fig. 49 shows the 
structure in which the circuit shown in Fig. 1 is applied to the portion corresponding to 
the constant current circuit 414 in Fig. 42(B), and further shows the structure in which 
Fig. 23(C) is applied to the portion of the current source circuit. Fig. 50 shows the 
structure in which the circuit shown in Fig. 1 is applied to the portion corresponding to 
the constant current circuit 414 in Fig. 42(B), and further shows the structure in which 
Fig. 23(A) is applied to the portion of the current source circuit. Fig. 51 shows the 
structure in which the circuit shown in Fig. 2 is applied to the portion corresponding to 
the constant current circuit 414 in Fig. 42(B), and further shows the structure in which 
Fig. 23(A) is applied to the portion of the current source circuit. 
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Note that, in the structure shown in each of Fig. 49 and Fig. 50, a logical 
operator is arranged, but a switch or the like may be arranged instead of the logical 
operator. The logical operator controls a changeover about whether the setting 
operation of the current source circuit is performed or not, and thus, may use any circuit 
as long as the circuit capable of performing control for changing the setting operation is 
adopted. Further, in Fig. 51, whether the setting operation of the current source circuit 
is performed or not is changed in accordance with the control of the signal supplied 
from a first setting control line. Further, the signal supplied from a second setting 
control line is controlled, whereby it is controlled that which current source circuit 
conducts the setting operation and which current source circuit conducts the input 
operation between two current source circuits arranged for each column. 

Subsequently, the case adapted for Fig. 34 is described. So far, the case of 
line-sequential drive has been described. Hereinafter, the case of dot-sequential drive 
will be described. In Fig. 52(A), a video signal supplied from a video line is sampled 
in accordance with a timing of the sampling pulse supplied from the shift register 411. 
Further, the setting of the current source circuit 420 is performed in accordance with the 
timing of the sampling pulse supplied from the shift register 411. As an example, the 
dot-sequential drive is performed in the case with the structure of Fig. 52(A). 

Note that, as to the signal input to the current source circuit 420 through a 
terminal a, the sampling pulse is not directly input, and the signal supplied from an 
output terminal of a logical operator connected to a setting control line (not shown in 
Fig. 52(A)) is input depending on the structure or drive system of the current source 
circuit. One of two input terminals of the logical operator is input with the sampling 
pulse, and the other input terminal is input with the signal supplied from the setting 
control line. That is, the setting of the current source circuit 420 is performed in 
accordance with the timing of the sampling pulse or the signal supplied from the output 
terminal of the logical operator connected to the setting control line. 

Note that, in the case where: only in the period during which the sampling 
pulse is output, and the video signal is supplied from the video line, a switch 101 (signal 
current control switch) is turned to the ON state; and no sampling pulse is output, no 
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video signal is supplied from the video line, and then, the switch 101 (signal current 
control switch) is turned to the OFF state, operation is not conducted precisely. This is 
because the switch for inputting a current remains in the ON state in the pixel. In this 
state, when the switch 101 (signal current control switch) is set to the OFF state, since 
the current is not input to the pixel, the signal cannot be input precisely. 

A latch circuit 452 is arranged so that the video signal supplied from the video 
line can be retained and that the state of the switch 101 (signal current control switch) 
can be retained. The latch circuit 452 may either be constituted only by a capacitor 
device and a switch or be constituted by an SRAM circuit. In this way, the sampling 
pulse is output, the video signal is supplied from the video line for each column, the 
switch 101 (signal current control switch) is set to the ON state or the OFF state in 
accordance with the video signal, and the supply of the current to the pixel is controlled. 
Thus, the dot-sequential drive can be implemented. 

However, when selection is sequentially performed from the first column to the 
last column, a period for inputting the signal to the pixel is relatively long in a column 
on the side of the first column among the first column to the last column. On the other 
hand, when the video signal is input, the subsequent line pixel is immediately selected 
in a column on the side of the last column among the first column to the last column. 
As a result, a period for inputting the signal to the pixel becomes short. In this case, as 
shown in Fig. 52(B), the period for inputting the signal to the pixel can be prolonged by 
dividing the scanning line arranged in a pixel portion 402 at the center. In this case, 
one scanning line driver circuit is arranged on each of the left and right sides of the 
pixel portion 402, and the scanning line driver circuit is used to drive the pixel. In this 
way, periods for inputting the signal to the right pixel and the left pixel can be 
differentiated from each other even among the pixels arranged in the same line. 
Further, Fig. 52(C) shows output waveforms of the scanning line driver circuits 
arranged left and right in the first and second lines, and a start pulse (S-SP) for the shift 
register 411. According to the operations thus performed, the period for inputting the 
signal even to the left pixel can be prolonged, and the dot-sequential drive is thus 
facilitated. 
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Regardless of whether the line-sequential drive or the dot-sequential drive is 
performed, the setting operation for the current source circuit 420 may be performed for 
the current source circuit arranged in an arbitrary column with an arbitrary timing and 
for an arbitrary number of times. Ideally, however, only the setting-dedicated setting 
operation may be performed only once as long as a predetermined charge is stored in 
the capacitor device connected between the gate and the source of the transistor 
arranged in the current source circuit 420. Alternatively, the setting operation may be 
performed when the predetermined charge retained in the capacitor device has 
discharged (varied). Further, as to the setting operation for the current source circuit 
420, the setting operation may be performed for the current source circuits 420 in all the 
columns using time. That is, the setting operation may be performed for the current 
source circuits 420 in all the columns within one frame period. Alternatively, it may 
be such that the setting operation is performed only for the current source circuits 420 in 
several columns within one frame period, as a result of which the setting operation is 
performed for the current source circuits 420 in all the columns for several frame 
periods or more. 

As above, while the case where one current source circuit is arranged in each 
column has been described, the present invention is not limited to this, and a plurality of 
current source circuits may be arranged. 

Furthermore, regarding the current source circuit in the signal line driver circuit 
according to the present invention, a layout diagram is shown in Fig. 87, and a 
corresponding circuit diagram is shown in Fig. 88. 

The present invention having the above structure can suppress the influence of 
variation in characteristics of TFTs and supply a desired current to the outside. 

This embodiment mode may be arbitrarily combined with Embodiment Modes 

lto3. 

(Embodiment Mode 5) 

In this embodiment mode, the detailed structure and operation of the signal line 
driver circuit 403 shown in Fig. 15(A) will be described. In this embodiment mode, a 
description is made of the signal line driver circuit 403 used in the case of performing 
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3-bit digital gradation display. 

Fig. 26 is a schematic view of the signal line driver circuit 403 in the case of 
performing the 3-bit digital gradation display. The signal line driver circuit 403 
includes a shift register 411, a first latch circuit 412, a second latch circuit 413, and a 
constant current circuit 414. 

The operation will be briefly described. The shift register 411 is formed using, 
for example, a plurality of flip-flop circuits (FFs), and is input with a clock signal 
(S-CLK), a start pulse (S-SP), and an inverted clock signal (S-CLKb). In accordance 
with the timing of these signals, sampling pulses are sequentially output thereft-om. 

The sampling pulses, which have been output from the shift register 411, are 
input to the first latch circuit 412. 3-bit digital video signals (Digital Data 1 to Digital 
Data 3) have been input to the first latch circuit 412, and a video signal is retained in 
each column in accordance with the timing at which the sampling pulse is input. 

In the first latch circuit 412, upon completion of video-signal retaining in 
columns to the last column, during a horizontal return period, a latch pulse is input to 
the second latch circuit 413, and the 3-bit digital video signals (Digital Data 1 to Digital 
Data 3) retained in the first latch circuit 412 are transferred in batch to the second latch 
circuit 413. Then, the 3-bit digital video signals (Digital Data 1 to Digital Data 3) for 
one line, which are retained in the second latch circuit 413, are input to the constant 
current circuit 414 at a time. 

While the 3-bit digital video signals (Digital Data 1 to Digital Data 3) retained 
in the second latch circuit 413 are input to the constant current circuit 414, sampling 
pulses are again output in the shift register 411. Thereafter, the operation is iterated, 
and video signals for one frame are thus processed. 

There is a case where the constant current circuit 414 plays a role of converting 
a digital signal into an analog signal. In the constant cunent circuit 414, a plurality of 
cunent source circuits 420 are provided. Fig. 27 is a schematic view of the signal line 
driver circuit related to the three signal lines in i-th to (i+2)-th columns. 

Note that Fig. 27 shows the case where a reference constant current source 109 
corresponding to each bit is arranged. 
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Each current source circuit 420 has a terminal a, a terminal b, and a terminal c. 
The current source circuit 420 is controlled by a signal input through the terminal a. 
Further, current is supplied via the terminal b from the reference constant current source 
109 connected to a current line. Switches (signal current control switches) 111 to 113 
are provided between the current source circuit 420 and a pixel connected to a signal 
line Sn, and the switches (signal current control switches) 111 to 113 are controlled by 
1-bit to 3-bit video signals. In the case where the video signal is a bright signal, a 
current is supplied from the current source circuit to the pixel. On the contrary, in the 
case where the video signal is a dark signal, the switches (signal current control 
switches) 111 to 113 are controlled not to supply current to the pixel. That is, the 
current source circuit 420 has a capability of flowing a predetermined current, and the 
switches (signal current control switches) 111 to 113 control whether the current is 
supplied to the pixel or not. 

Note that the signal input to the current source circuit 420 through the terminal 
a corresponds to the sampling pulse supplied from the shift register. The sampling 
pulse is not directly input, and the signal supplied from an output terminal of a logical 
operator connected to a setting control line (not shown in Fig. 27) is input depending on 
the structure or drive system of the current source circuit. One of two input terminals 
of the logical operator is input with the sampling pulse, and the other input terminal is 
input with the signal supplied from the setting control line. That is, the setting of the 
current source circuit 420 is performed in accordance with the timing of the sampling 
pulse or the signal supplied from the output terminal of the logical operator connected 
to the setting control line. 

In Fig. 27, when the current source circuit 420 arranged for each signal line is 
comprised of the circuit as shown in Fig. 23(A) or (B), the signal input from the output 
terminal of the logical operator connected to the control line corresponds to a set signal. 
Further, when the current source circuit 420 arranged for each signal line is comprised 
of the circuit as shown in each of Figs. 23(C) to (E), the sampling pulse from the shift 
register corresponds to a set signal. 

A structure in which the above-described setting control line and logical 
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operator are used in the structure shown in Fig. 27 is shown in Fig. 53. Note that, in 
Fig. 53, logical operators are arranged, but switches or the like may be used instead of 
the logical operators. 

Note that the current line and the reference constant current source are arranged 
in correspondence with each bit in Fig. 27 or Fig. 53. Then, the total of the values of 
the currents supplied from the current sources for respective bits is supplied to the 
signal line. That is, the constant current source circuit 414 also has a function of 
digital-analog conversion. 

In the signal line driver circuit shown in Fig. 27 or 53, although dedicated 
reference constant current sources 109 are respectively arranged for the 1-bit to 3-bit, 
the present invention is not limited to this. As shown in Fig. 54, reference constant 
current sources 109 the number of which is smaller than the number of bits may be 
arranged. For example, it may be such that only the reference constant current source 
109 for the most significant bit (3-bit in this case) is arranged; one current source circuit 
selected from a plurality of current source circuits arranged in one column is set; and 
using the current source circuit for which the setting operation has already been 
performed, the operation is performed for other current source circuits. In other words, 
setting information may be shared among the plurality of current source circuits 
arranged in one column. 

For example, a setting operation is performed only for a 3-bit current source 
circuit 420. Then, using the current source circuit 420 for which the setting operation 
has been performed, information is shared with other 1-bit and 2-bit current source 
circuits 420. More specifically, among current source circuits 420, the gate terminal of 
each current-supply transistor (corresponding to a transistor 102 in Fig. 23(A)) is 
connected, and also the source terminal is connected. As a result, gate-source voltages 
of information-sharing transistors (current-supply transistors) become identical. 

Referring to Fig. 54, the setting operation is performed not for the current 
source circuits of the least significant bit (1-bit here), but for the current source circuits 
of the most significant bit (3-bit here). Then, by using the current source circuits of 
the most significant bit for which the setting operation has already been performed, 
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information is shared with other current source circuits. Thus, when the setting 
operation is performed for the current source circuits of a greater-value bit, the 
influence of variation in characteristics of inter-bit current source circuits can be 
reduced. Suppose the setting operation is performed for the current source circuits of 
the least significant bit (1-bit here), information is shared among the current source 
circuits of the upper bits. In this case, when the characteristics of the respective 
current source circuits vary, the values of currents of the upper bits lack precision. 
This is because since upper-bit current source circuits produce outputs having great 
current values, even when a small variation has occurred in their characteristics, the 
influence of the variation is magnified, and also output current values are also varied 
great. In contrast, in the case where the setting operation is performed for the current 
source circuits of the most significant bit (3-bit here), and information related thereto is 
shared with the current source circuits of the lower bits, even when the characteristics of 
the respective current source circuits have varied, since output current values are small, 
differences in the current value due to variation are small, and the influence is small. 

In this embodiment mode, three current source circuits 420 are provided for 
each signal line because of an explanation with an example of the case of conducting 
3-bit digital gradation display. When signal currents supplied from the three current 
source circuits 420 connected to one signal line are set to 1 : 2 : 4, the size of the current 
can be controlled at 2^ = 8 levels. 

The structure of the current source circuit 420 may arbitrarily use the structure 
of the current source circuit 420 shown in Fig. 23, Fig. 24, Fig. 37, Fig. 38, Fig. 40 or 
the like. Not only one structure but also a plurality of structures may be adopted for 
the current source circuits 420. 

Hereinafter, as an example, the detailed structure and operation of the constant 
current circuit 414 in Figs. 27 and 54 are shown with reference to Figs. 7, 8, 29 and 55. 
In a current source circuit 420 provided in each column of Fig. 7, whether or not a 
predetermined signal current is output to a signal line Si (1 i ^ n) is controlled 
according to information contained in a digital video signal input from a second latch 
circuit 413. 
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Fig. 55 is a circuit diagram in the case where: reference constant current 
sources 109 the number of which is equal to the number of bits are arranged; the 
constant cunent circuit of Fig. 1 is applied to the signal line driver circuit shown in Fig. 
27; and the structure of Fig. 23(A) is applied to the current source circuit. In Fig. 55, 
the setting operation is performed with transistors A to C being turned OFF. This is 
for preventing a current leakage. Alternatively, switches may be arranged in series 
with the transistors A to C, in which the switches are turned OFF in the setting 
operation. Further, Fig. 7 is a circuit diagram in the case where: reference constant 
current sources 109 the number of which is equal to the number of bits are arranged; the 
constant current circuit of Fig. 2 is applied to the signal line driver circuit shown in Fig. 
27; and the structure of Fig. 23(A) is applied to the current source circuit. Fig. 8 is a 
circuit diagram in the case where: reference constant current sources 109 the number of 
which is smaller than the number of bits are arranged; the constant current circuit of Fig. 
1 is applied to the signal line driver circuit shown in Fig. 54; and the structure of Fig. 
23(C) is applied to the current source circuit. Fig. 29 is a circuit diagram in the case 
where: reference constant current sources 109 the number of which is smaller than the 
number of bits are arranged; the constant current circuit of Fig. 1 is applied to the signal 
line driver circuit shown in Fig. 54; and the structure of Fig. 23(A) is applied to the 
current source circuit. 

The current source circuit 420 has a first current source circuit 423a and a 
second current source circuit 424a which are controlled in accordance with a 1-bit 
digital video signal, a first current source circuit 423b and a second current source 
circuit 424b which are controlled in accordance with a 2-bit digital video signal, and a 
first current source circuit 423c and a second current source circuit 424c which are 
controlled in accordance with a 3-bit digital video signal. Further, the current source 
circuit 420 has an analog switch 170a and an inverter 171a, an analog switch 170b and 
an inverter 171b, and an analog switch 170c and an inverter 171c. 

The first current source circuits 423a to 423c and the second current source 
circuits 424a to 424c conduct a setting operation while conducting an operation for 
inputting a signal to a pixel (input operation, output of a current to a pixel). The first 
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current source circuits 423a to 423c and the second current source circuits 424a to 424c 
each have a plurality of circuit elements. In Fig. 7, the circuit diagrams of the first 
current source circuit 423a and the second current source circuit 424a are shown, and 
the circuit diagrams of the first current source circuits 423b, 423c and the second 
current source circuits 424b, 424c are not shown because they conform to the circuit 
diagrams of the first current source circuit 423a and the second current source circuit 
424a. 

The first current source circuit 423a has a NAND 150a, an inverter 151a, an 
inverter 152a, an analog switch 153a, an analog switch 154a, transistors 155a to 157a, 
and a capacitor element 158a. The second current source circuit 424a has a NAND 
160a, an inverter 161a, an inverter 162a, an inverter 169a, an analog switch 163a, an 
analog switch 164a, transistors 165a to 167a, and a capacitor element 168a. In this 
embodiment mode, the transistors 155a to 157a and the transistors 165a to 167a are all 
of n-channel type. 

In the first current source circuit 423a, an input terminal of the NAND 150a is 
connected to the shift register 411 and a first control line 425a, and an output terminal of 
the NAND 150a is connected to an input terminal of the inverter 151a. An output 
terminal of the inverter 151a is connected to gate electrodes of the transistor 155a and 
the transistor 156a. 

Conductivity or non-conductivity is selected for the analog switch 153a by the 
signal input from the output terminal of the NAND 150a and the signal input from the 
output terminal of the inverter 151a. An input terminal of the inverter 152a is 
connected to the first control line 425a. Then, conductivity or non-conductivity is 
selected for the analog switch 154a by the signals input from the first control line 425a 
and an output terminal of the inverter 152a. 

One of a source region and a drain region of the transistor 155a is connected to 
a first current line 426a, and the other region is connected to one of a source region and 
a drain region of the transistor 157a. One of a source region and a drain region of the 
transistor 156a is connected to the first current line 426a, and the other region is 
connected to one of terminals of the capacitor element 158a and a gate electrode of the 
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transistor 157a. One of the source region and the drain region of the transistor 157a is 
connected to Vss, and the other region is connected to the analog switch 153a. 

One of the terminals of the capacitor element 158a is connected to Vss, and the 
other terminal is connected to the gate electrode of the transistor 157a. The capacitor 
element 158a plays a role of holding a gate-source voltage of the transistor 157a. 

In the second current source circuit 424a, an input terminal of the inverter 169a 
is connected to the first control line 425a. An output terminal of the inverter 169a is 
connected to one of input terminals of the NAND 160a. Further, the other input 
terminal of the NAND 160a is connected to the shift register 411. An output terminal 
of the NAND 160a is connected to an input terminal of the inverter 161a. An output 
terminal of the inverter 161a is connected to gate electrodes of the transistor 165a and 
the transistor 166a. 

Conductivity or non-conductivity is selected for the analog switch 163a by the 
signal input from the output terminal of the NAND 160a and the signal input from the 
output terminal of the inverter 161a. Further, an input terminal of the inverter 162a is 
connected to the first control line 425a. Conductivity or non-conductivity is selected 
for the analog switch 164a by the signals input from the first control line 425a and an 
output terminal of the inverter 162a. 

One of a source region and a drain region of the transistor 165a is connected to 
the first current line 426a, and the other region is connected to one of a source region 
and a drain region of the transistor 167a. One of a source region and a drain region of 
the transistor 166a is connected to the first current line 426a, and the other region is 
connected to one of terminals of the capacitor element 168a and a gate electrode of the 
transistor 167a. One of the source region and the drain region of the transistor 167a is 
connected to Vss, and the other region is connected to the analog switch 163a. 

One of the terminals of the capacitor element 168a is connected to Vss, and the 
other terminal is connected to the gate electrode of the transistor 167a. The capacitor 
element 168a plays a role of holding a gate-source voltage of the transistor 167a. 

The operations of the first current source circuit 423a and the second current 
source circuit 424a which are shown in Fig. 7 are the same as those of the first current 
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source circuit 421 and the second current source circuit 422 which are shown in Fig. 3 
and Fig. 4, and thus, an explanation thereof is omitted in this embodiment mode. 

Note that, in the current source circuit 420 shown in Fig. 7, the total of the 
signal current supplied from the first current source circuit 423a or the second current 
source circuit 424a, the signal current supplied from the first current source circuit 423b 
or the second current source circuit 424b, and the signal current supplied from the first 
cunent source circuit 423c or the second current source circuit 424c flows to the signal 
line Si. That is, when the signal cunent supplied from the first current source circuit 
423a or the second current source circuit 424a, the signal current supplied from the first 
current source circuit 423b or the second current source circuit 424b, and the signal 
cunent supplied from the first current source circuit 423c or the second current source 
circuit 424c are set to 1 : 2: 4, the size of the current can be controlled at 2^ = 8 levels. 

In the current source circuit 420 shown in Fig. 7, ON/OFF of analog switches 
170a to 170c is selected according to the 3-bit digital video signal. Assuming that all 
the analog switches 170a to 170c are turned ON, the current supplied to the signal line 
corresponds to the sum of the signal current supplied from the first current source 
circuit 423a or the second current source circuit 424a, the signal current supplied from 
the first current source circuit 423b or the second current source circuit 424b, and the 
signal current supplied from the first current source circuit 423c or the second current 
source circuit 424c. Further, if only the analog switch 170a has been turned ON, only 
the signal current supplied fi-om the first current source circuit 423a or the second 
cunent source circuit 424a is supplied to the signal line. 

The values of the currents supplied from the current source circuits differ from 
one another, and thus, it is required that the values of the currents that flow through the 
first current line 426a to the third current line 426c are set to 1 : 2 : 4. 

Here, the transistors of the current source circuit 420 shown in Fig. 7 are all of 
n-channel type, but the present invention is not limited to this. P-channel transistors 
can be used in the current source circuit 420. The operation of the current source 
circuit 420 in the case of using p-channel transistors is the same as the above-described 
operation except the point in that the direction in which a current flows is changed and 
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the point in that the capacitor element is connected to not Vss but Vdd, and thus, a 
description thereof is omitted. 

Further, in Fig. 7, the detailed circuit structures of the current source circuits 
423b, 423c and the current source circuits 424b, 424c are omitted. However, not the 
current source circuit with the structure shown in Fig. 23(A) but the current source 
circuit with the structure shown in any of Figs. 23(C) to (E) may be used for the current 
source circuits 423b, 423c and the current source circuits 424b, 424c. That is, the 
cunent source circuit used in the signal line driver circuit used in the case of conducting 
digital gradation display with a plurality of bits can be designed by combining a 
plurality of structures. 

Further, the case where Vss is not replaced with Vdd when p-channel 
transistors are used in the current source circuit, that is, the case where the direction in 
which a current flows does not change, can be applied easily with the comparison 
between Fig. 23 and Fig, 24. Further, the polarity of the transistor that is operated as a 
mere switch is not particularly limited. 

Subsequently, the structure and the operation of the constant current circuit 414, 
which are different from those in the above, are described with reference to Fig. 8. In 
the current source circuit 420 in Fig. 8, whether a predetermined signal current is output 
to the signal line Si (1 s i s n) is controlled in accordance with information of a digital 
video signal input from the second latch circuit 413. 

The current source circuit 420 includes transistors 180 to 188 and a capacitor 
device 189. In this embodiment mode, the transistors 180 to 188 are all of n-channel 
type. 

A 1-bit digital video signal is input to a gate electrode of the transistor 180 
from the second latch circuit 413. One of a source region and a drain region of the 
transistor 180 is connected to the source signal line (Si), and the other is connected to 
one of a source region and a drain region of the transistor 183. 

A 2-bit digital video signal is input to a gate electrode of the transistor 181 
from the second latch circuit 413. One of a source region and a drain region of the 
transistor 181 is connected to the source signal line (Si), and the other is connected to 
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one of a source region and a drain region of the transistor 184. 

A 3-bit digital video signal is input to a gate electrode of the transistor 182 
from the second latch circuit 413. One of a source region and a drain region of the 
transistor 182 is connected to the source signal line (Si), and the other is connected to 
one of a source region and a drain region of the transistor 185. 

One of the source region and the drain region of each of the transistors 183 to 
185 is connected to Vss, and the other is connected to one of the source region and the 
drain region of each of the transistors 180 to 182, One of a source region and a drain 
region of the transistor 186 is connected to Vss, and the other is connected to one of a 
source region and a drain region of the transistor 188. 

Gate electrodes of the transistor 187 and the transistor 188 are input with 
signals from the shift register 411. One of a source region and a drain region of the 
transistor 187 is connected to one of the source region and the drain region of the 
transistor 186, and the other region is connected to one of electrodes of the capacitor 
element 189. One of the source region and the drain region of the transistor 188 is 
connected to a current line 190, and the other region is connected to one of the source 
region and the drain region of the transistor 186. 

One of the electrodes of the capacitor device 189 is connected to the gate 
electrodes of the transistors 183 to 186, and the other electrode is connected to Vss. 
The capacitor device 189 plays a role of retaining the gate-source voltages of the 
transistors 183 to 186. 

The current source circuit 420 shown in Fig. 8 conforms to the current source 
circuit 420 that is explained with reference to Fig. 5 in terms of operation except the 
point in that the transistors 180, 181, 183, and 184 are additionally designed. 
Therefore, an explanation of the operation of the current source circuit 420 shown in Fig. 
8 is omitted. 

Note that the current source circuit shown in Fig. 8 shows the case where the 
reference constant current sources 109 the number of which is smaller than the number 
of bits are arranged as shown in Fig. 54. 

Further, in the current source circuit 420 shown in Fig. 8, the total of drain 
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currents of the transistors 183 to 185 flows to the signal line Si. Here, the respective 
drain currents of the transistors 183 to 185 are set to 1 : 2 : 4, and the size of the current 
is controlled at 2^ = 8 levels. That is, the difference among the values of the currents 
supplied from the transistors 183 to 185 arises from the design in which the W/L values 
of the transistors 183 to 185 are set to 1 : 2 : 4, and respective ON currents are set to 1 : 
2:4. 

Subsequently, in the current source circuit 420, ON/OFF of the transistors 180 
to 182 is selected according to the 3-bit digital video signal. For example, when all the 
transistors 180 to 182 are turned ON, the current supplied to the signal line corresponds 
to the sum of the drain currents of the transistors 183 to 185. When only the transistor 
180 has been turned ON, only the drain cunent of the transistor 183 is supplied to the 
signal line. 

As described above, the gate terminals of the transistors 183 to 185 are 
connected to each other, whereby setting-operation information can be shared. Here, 
the information is shared among the transistors arranged in the same column, but the 
present invention is not limited to this. For example, the setting-operation information 
may be shared also with transistors in a different column. That is, the transistor gate 
terminals may be connected to the different column transistors in order to use 
setting-operation information in common. Thus, the number of current source circuits 
to be set can be reduced. Consequently, time required for the setting operation can be 
reduced. In addition, since the number of circuits can be reduced, the layout area can 
be made small. 

Fig. 29 shows the current source circuit 420 a circuit structure of which differs 
from that in Fig. 8. The current source circuit 420 shown in Fig. 29 has a structure in 
which switches 191, 192 are arranged instead of the transistors 186 to 188. 

Then, in the current source circuit 420 shown in Fig. 29, the operation is the 
same as that of the current source circuit 420 shown in Fig. 27 except the point in that 
the current supplied from the reference constant current source (not shown) connected 
to the current line 190 flows to the capacitor element 189 when the switches 191 and 
192 are turned ON. Thus, the explanation is omitted. 
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Note that the setting operation of the current source circuit is performed with 
the transistor 182 being in an OFF state. This is for preventing a current leakage. 
Alternatively, it may be such that a switch 203 is arranged in series with the transistor 
182, and the switch 203 is turned OFF during the setting operation and turned ON 
during the time other than the setting operation. The current source circuit at this time 
is shown in Fig. 56. 

Note that the transistors of the current source circuit 420 in each of Fig. 8, Fig. 
29, and Fig. 56 are all of n-channel type, but the present invention is not limited to this. 
P-channel transistors may be used in the current source circuit 420. Note that the 
operation of the current source circuit in the case of using p-channel transistors is the 
same as the above-described operation except the point in that the direction in which a 
current flows is changed and the point in that the capacitor element is connected to not 
Vss but Vdd, and thus, an explanation thereof is omitted here. 

Further, the case where Vss is not replaced with Vdd when the current source 
circuit is structured by using p-channel transistors, that is, the case where the direction 
in which a current flows does not change, can be applied easily with the comparison 
between Fig. 23 and Fig. 24. Further, attainment of multi-phase or conduction of 
dot-sequential drive can be easily realized. 

Further, the description is made of the structure and the operation of the signal 
line diver circuit in the case of performing 3-bit digital gradation display in this 
embodiment mode. However, the present invention is not limited to 3 bits, and display 
with an arbitrary number of bits can be performed. Further, this embodiment mode 
can be arbitrarily combined with Embodiment Modes 1 to 4. 

Note that, in Fig. 27, one current source circuit corresponding to each bit is 
arranged for one signal line as shown in Fig. 1. However, as shown in Fig. 2, a 
plurality of current control circuits corresponding to each bit may be arranged for one 
signal line driver circuit. The diagram at this time is Fig. 57. Note that the structure 
of Fig- 7 corresponds to the diagram of the case where the structure of Fig. 57 is applied 
to the structure of Fig. 27. Similarly, in Fig. 54, setting information is shared among a 
plurality of current source circuits. The diagram at this time is Fig. 58. 
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Next, the detailed structure of the circuit shown in Fig. 53 is shown in Fig. 59, 
Fig. 60, Fig. 61, and Fig. 62. In the circuit shown in Fig. 53, a setting control line and 
logical operators are arranged, and the timing to conduct the setting operation of the 
cunent source circuit is controlled by using the setting control line and the logical 
operators. 

Fig. 59 is a circuit diagram of the case where: reference constant current 
sources 109 the number of which is equal to the number of bits are arranged; the 
constant current circuit shown in Fig. 1 is applied to the signal line driver circuit shown 
in Fig. 53; and the structure of Fig. 23(A) is used for the current source circuit. In the 
structure shown in Fig. 59, transistors A to C are turned OFF at the time of the setting 
operation. This is for preventing a current leakage. Alternatively, it may be such that 
switches are arranged in series with the transistors A to C and that the switches are 
turned OFF at the time of the setting operation. Fig. 59 corresponds to Fig. 55 based 
on the correspondence between the structure of Fig. 27 and the structure of Fig. 53. 
That is, the structure of Fig. 59 corresponds to Fig. 53, and the structure of Fig. 55 
corresponds to Fig. 21. 

Fig. 60 is a circuit diagram of the case where; reference constant current 
sources 109 the number of which is equal to the number of bits are arranged; the 
constant current circuit shown in Fig. 2 is applied to the signal line driver circuit shown 
in Fig. 53; and the structure of Fig. 23(A) is used for the current source circuit. Fig. 60 
corresponds to Fig. 7 based on the correspondence between the structure of Fig. 27 and 
the structure of Fig. 53. That is, the structure of Fig. 60 corresponds to Fig. 53, and the 
structure of Fig. 7 corresponds to Fig. 27. 

Fig. 61 is a circuit diagram of the case where: reference constant current 
sources 109 the number of which is smaller than the number of bits are arranged; 
information is shared as in the structure shown in Fig. 54 and the constant current 
circuit shown in Fig. 1 is applied with respect to the signal line driver circuit shown in 
Fig. 53; and the structure of Fig. 23(C) is used for the current source circuit. Fig. 61 
corresponds to Fig. 8 based on the correspondence between the structure of Fig. 27 and 
the structure of Fig. 54, and the structure of Fig. 53. 
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Fig. 62 is a circuit diagram of the case where: reference constant current 
sources 109 the number of which is smaller than the number of bits are arranged; 
information is shared as in the structure shown in Fig. 54 and the constant current 
circuit shown in Fig. 1 is applied with respect to the signal line driver circuit shown in 
Fig. 53; and the structure of Fig. 23(A) is used for the current source circuit. Fig. 62 
corresponds to Fig. 29 based on the correspondence between the structure of Fig. 27 and 
the structure of Fig. 54, and the structure of Fig. 53. 

Note that logical operators are arranged in each of Fig. 59, Fig. 60, Fig. 61, and 
Fig. 62, but switches or the like may be used instead of the logical operators. The 
logical operator only controls a changeover about whether the setting operation of the 
current source circuit is performed or not, and thus, may use any circuit as long as the 
circuit capable of performing control for the changeover is adopted. Incidentally, in 
Fig. 60, whether the setting operation of the current source circuit is performed or not is 
changed by using a fourth setting control line, and which current source circuit is 
subjected to the setting operation and which current source circuit is subjected to the 
input operation are determined by using first to third setting control lines. Further, the 
setting operation of the current source circuit may be performed not in the order of the 
first column to the last column but at random. In this case, the circuit such as the 
decoder circuit shown in Fig. 43 may be used as the shift register 411. Moreover, the 
circuits shown in Fig. 44, Fig. 45, and Fig. 46 may be used. 
(Embodiment Mode 6) 

The reference constant current source 109 for supplying a current to the current 
source circuit may either be integrally formed with a signal line driver circuit on a 
substrate or be arranged on the outside of the substrate by using, for example, an IC. 
When integrally forming the current source circuit on the substrate, it may be formed 
using any one of the current source circuits shown in, for example. Figs. 23 to 25, 38, 
37, and 40. Alternatively, it may be such that only one transistor is arranged, and the 
current value is controlled in accordance with a voltage applied to a gate. In this 
embodiment mode, the structure and the operation of the reference constant current 
source 109 will be described. 
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As an example. Fig. 30 shows the simplest case, that is, a case where: the 
method of applying a voltage to the gate of the transistor to adjust the gate voltage is 
employed; and three current lines are necessary. If only one current line is required, 
transistors 1840 and 1850 and the corresponding current lines may be simply eliminated 
from the structure of Fig. 30. In Fig. 30, the magnitude of a current is controlled by 
adjusting the gate voltages applied to a transistor 1830 and the transistors 1840 and 
1850 from the outside via a terminal f. At this time, when the transistors 1830, 1840, 
and 1850 are designed with the values of W/L being set to 1 : 2 : 4, the respective ON 
currents are set to 1 : 2 : 4. 

Next, a description will be made of the case where a current is supplied from 
the terminal f in Fig. 31(A). As shown Fig. 30, in the case where the gate voltage is 
applied to perform adjustment, the current value may be varied in accordance with 
temperature characteristics and the like. However, when the current is input as shown 
in Fig. 31(A), the influence can be suppressed. 

In the structures shown in Figs. 30 and 31(A), while a current is flowing 
through the current lines, a voltage or current needs to be kept flowing from the 
terminal f. However, when a current does not need to be flown through the current 
lines, a voltage or current does not need to be kept being input from the terminal f. 

In addition, as shown in Fig. 31(B), switches and a capacitor device may be 
added. In this case, even while a current is supplied to the current lines, the supply 
from the reference IC (a current or voltage that is input from the terminal f) can be 
terminated, and power consumption is therefore reduced. In the structures shown in 
Figs. 30 and 31, information is shared with other current source transistors arranged in 
the reference constant current source. Specifically, the gate terminals of the transistors 
1830, 1840, and 1850 are mutually connected. 

Then, Fig. 32 shows a case where the setting operation is performed for each 
current source circuit. In Fig, 27, a current is input from a terminal f, and the timing is 
controlled by a signal supplied from a terminal e. Note that, any one of the structures 
shown in, for example, Figs. 23, 24, 38, 37, and 40 may be applied to the circuit shown 
in Fig. 27. The circuit shown in Fig. 32 corresponds to an example in which the circuit 
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of Fig. 23(A) is applied. Thus, the setting operation and the input operation cannot be 
performed simultaneously. Therefore, in the case of this circuit, the setting operation 
for the reference constant current source needs to be performed with a timing at which a 
cunent does not need to be flown through the current line. 

Fig. 33 shows an example of a polyphased reference constant cunent source 
109. Specifically, the example corresponds to the reference constant current source 
109 to which the structure of Fig. 47 is applied. In the polyphased case, circuits of 
Figs. 32, 30, and 31 may also be applied. However, since the value of current supplied 
to the current line is the same, the setting operation is performed for respective current 
source circuits by using the single current, thereby enabling a reduction in the number 
of currents that are to be input from the outside. 

This embodiment mode may be arbitrarily combined with Embodiment Modes 

1 to5. 

(Embodiment Mode 7) 

In the above embodiment modes, primarily, the case where the signal current 
control switch exists has been described. In this embodiment mode, a description will 
be made of a case where the signal current control switch is not provided, that is, a case 
where a current (constant current) disproportional to a video signal is supplied to a 
wiring different from a signal line. In this case, the switch 101 (signal current control 
switch) does not need to be arranged. 

Note that the case where the signal current control switch does not exist is 
similar to the case where the signal current control switch exists, except for the absence 
of the signal current control switch. Thus, the case will be briefly described, and 
descriptions of the similar portions will be omitted here. 

For comparison between the case where the signal current control switch is 
arranged and the case where the switch is not arranged, Fig. 34 shows a structure 
corresponding to Fig. 1, and Fig. 35 shows a structure conesponding to Fig. 2. Fig. 
63(A) shows a structure corresponding to Fig. 6(B). According to the embodiment 
modes described above, the signal current control switch is controlled by the video 
signal to output the current to the signal line. In this embodiment mode, however, the 
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current is output to a pixel current line, and the video signal is output to the signal line. 

A schematic view of the pixel structure in the above case is shown in Fig. 
63(B). Next, a pixel operating method will be briefly described. First, when a 
switching transistor is ON, a video signal is passed through a signal line, is input to a 
pixel, and is then stored into a capacitor device. A driving transistor is turned ON or 
OFF depending on the value of the video signal. On the other hand, a current source 
circuit has a capability of flowing a constant current. Hence, when the driving 
transistor is ON, the constant current flows to a light emitting element, and the light 
emitting element emits light. When the driving transistor is OFF, since no current 
flows to the light emitting element, the light emitting element does not emit light. In 
this manner, an image is displayed. In this case, however, only two states, namely, 
emission and non-emission, can be displayed. Thus, multi-gradation is implemented 
using, for example, a time gradation method or area gradation method. 

Note that, for the portion of the current source circuit, any one of circuits of, 
for example, Figs. 23, 24, 37, 38, and 40 is used. The setting operation may be 
performed to enable the current source circuit to be flown with a constant current. 
When performing the setting operation for the current source circuit of the pixel, the 
operation is performed by inputting the current through a pixel current line. The 
setting operation for the current source circuit of the pixel may be performed an 
arbitrary number of times at arbitrary time and an arbitrary timing. The setting 
operation for the current source circuit arranged in the pixel can be performed 
completely independent of an operation for displaying an image. Preferably, the 
setting operation is performed when charge stored in the capacitor device provided in 
the current source circuit leaks. 

Next, the detailed structure of a constant current circuit 414 of Fig. 63(A) is 
shown in Figs. 64 and 65. Further, the case where a setting control line and a logical 
operator are arranged to the structure of Fig. 64 or 65, which enables the control of the 
timing of performing the setting operation for the current source circuit in the signal line 
driver circuit, is shown in Fig. 66 or 67. Shown in each of Figs. 64 and 66 is the 
circuit in the case where Fig. 23(A) is applied to the portion of a current source circuit. 



} 



73 



Shown in each of Figs. 65 and 67 is the circuit in the case where Fig. 23(E) is applied to 
the portion of a current source circuit. Note that the logical operator is arranged in 
Figs. 66 and 67, but it may be substituted by a switch or the like. 

In addition, a case is considered in which the structure of Fig. 35 is applied to 
the portion of the current source circuit of Fig. 63(A). The detailed structure of the 
constant current circuit 414 in the above case is shown in Fig. 68. Further, a case 
where a setting control line and a logical operator are arranged to the structure of Fig. 
68, which enables the control of the timing of performing the setting operation for the 
current source circuit in the signal line driver circuit is shown in Fig. 69. Here, Figs. 
68 and 69 each show a circuit in the case where Fig. 23(A) is applied to the portion of 
the current source circuit. In Fig. 68, the setting operation is performed for one of the 
current sources by controlling the setting control line, and the input operation can be 
simultaneously performed with the other current source. Similarly, in Fig. 69, the 
setting operation is performed for one of the current sources by controlling the second 
setting control line, and the input operation can be simuhaneously performed with the 
other current source. In addition, the timing of performing the setting operation for the 
current source circuit in the signal line driver circuit can be controlled by controlling the 
first setting control line. 

As described above, the case where the signal current control switch does not 
exist is similar to the case where the signal current control switch exists, except for the 
absence of the signal current control switch. Thus, a detailed description thereof will 
be omitted. 

This embodiment mode may be arbitrarily combined with Embodiment Modes 

1 to 6. 

(Embodiment Mode 8) 

An embodiment mode of the present invention will be described with reference 
to Fig. 70. In Fig. 70(A), a signal line driver circuit is arranged above a pixel portion, 
a constant current circuit is arranged below the pixel portion, a current source A is 
arranged in the signal line driver circuit, and a current source B is arranged in the 
constant current circuit. When currents supplied from the current sources A, B are set 
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as lA, IB, and a signal current supplied to a pixel is set as Idata, lA = IB + Idata is 
established. Then, when a signal current is written into the pixel, it is set such that 
currents are supplied from both the current sources A, B. 

At this time, the setting operation of the current source B is performed by using 
the current source A, The current obtained by subtracting the current of the current 
source B from the current of the current source A flows to the pixel. Therefore, the 
setting operation of the current source B is conducted by using the current source A, 
whereby various influences such as noise can be made smaller. 

In Fig. 70(B), reference constant current sources (hereinafter referred to as 
constant current sources) C, E are arranged above and below the pixel portion. The 
setting operation of the current source circuits arranged in the signal line driver circuit 
and in the constant current circuit is performed by using the current sources C, E. A 
current source D corresponds to a current source for setting the current sources C, E, 
and a reference current is supplied to the current source D from the outside. 

Note that, in Fig. 70(B), the constant current circuit arranged in the lower 
portion may be replaced with a signal line driver circuit. Thus, the signal line driver 
circuits can be arranged in both the upper and lower portions. The respective signal 
line driver circuits take charge of control of the upper and lower halves of a screen (the 
entire pixel portion). As a result, pixels for two lines can be controlled simultaneously. 
Thus, it becomes possible to take a long time for the setting operation (signal input 
operation) of the current source of the signal line driver circuit, the pixel, the current 
source of the pixel, and the like. Therefore, the setting can be made with more 
accuracy. 

This embodiment mode can be arbitrarily combined with Embodiment Modes 

Ito 7, 

<Embodiment 1> 

In this embodiment, the time gradation method will be described in detail by 
using Fig. 14. In display devices such as liquid crystal display devices and light 
emitting devices, a frame frequency is normally about 60 Hz. That is, as shown in Fig. 
14(A), screen rendering is performed about 60 times per second. This enables flickers 
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(flickering of a screen) not to be recognized by the human eye. At this time, a period 
during which screen rendering is performed once is called one frame period. 

As an example, in this embodiment, a description will be made of a time 
gradation method disclosed in the publication as Patent Document 1. In the time 
gradation method, one frame period is divided into a plurality of subframe periods. In 
many cases, the number of divisions at this time is identical to the number of gradation 
bits. For the sake of a simple description, a case where the number of divisions is 
identical to the number of gradation bits is shown. Specifically, since the 3-bit 
gradation is employed in this embodiment, an example is shown in which one frame 
period is divided into three subframe periods SFl to SF3 (Fig. 14(B)). 

Each of the subframe periods includes an address (writing) period Ta and a 
sustain (light emission) period (Ts). The address period is a period during which a 
video signal is written to a pixel, and the length thereof is the same among respective 
subframe periods. The sustain period is a period during which the light emitting 
element emits light or does not emit light in response to the video signal written in the 
address period. At this time, the sustain periods Tsl to Ts3 are set at a length ratio of 
Tsl : Ts2 : Ts3 = 4 : 2 : 1. More specifically, the length ratio of n sustain periods is set 
to 2^"*^^ : 2^"'^^ : ... : 2^ : 2*^. Depending on which one of the sustain periods a light 
emitting element performs emission or non-emission in, the length of the period during 
which each pixel emits light in one frame period is determined, and the gradation 
representation is thus performed. 

Next, a specific operation of a pixel employing the time gradation method will 
be described. In this embodiment, a description thereof will be made referring to the 
pixel shown in Fig. 16(B). A current input method is applied to the pixel shown in Fig. 
16(B). 

First, the following operation is performed during the address period Ta. A 
first scanning line 602 and a second scanning line 603 are selected, and TFTs 606 and 
607 are turned ON. A current flowing through a signal line 601 at this time is used as 
a signal current Idata- Then, when a predetermined charge has been accumulated in a 
capacitor device 610, selection of the first scanning line 602 and the second scanning 
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line 603 is terminated, and the TFTs 606 and 607 are turned OFF. 

Subsequently, the following operation is performed in the sustain period Ts. 
A third scanning line 604 is selected, and a TFT 609 is turned ON. Since the 
predetermined charge that has been written is stored in the capacitor device 610, the 
TFT 608 is already turned ON, and a current identical with the signal current Ida,a flows 
thereto from a current line 605. Thus, a light emitting element 611 emits light. 

The operations described above are performed in each subframe period, 
thereby forming one frame period. According to this method, the number of divisions 
for subframe periods may be increased to increase the number of display gradations. 
Also, the order of the subframe periods does not necessarily need to be the order from 
an upper bit to a lower bit as shown in Figs. 14(B) and 14(C), and the subframe periods 
may be disposed at random within one frame period. In addition, the order may be 
variable within each frame period. 

Further, a subframe period SF2 of an m-th scanning line is shown in Fig. 14(D). 
As shown in Fig. 14(D), in the pixel, upon termination of an address period Ta2, a 
sustain period Ts2 is immediately started. 

Next, the timing of performing the setting operation for the current source 
circuit in the signal line driver circuit will be described. 

Note that it is described in the above embodiment mode that the current source 
circuit has the method in which a setting operation and an input operation can be 
simultaneously performed and the method in which these operations cannot be 
simultaneously performed. 

In the former current source circuit capable of simultaneously performing the 
setting operation and the input operation, the timing of conducting each operation is not 
particulariy limited. This is also the same in the case where a plurality of current 
source circuits are arranged in one column as shown in Fig. 2, Fig. 54, or the like. 
However, in the latter current source circuit not capable of simultaneously performing 
the setting operation and the input operation, the timing of conducting the setting 
operation needs to be devised. In the case of adopting the time gradation method, the 
setting operation needs to be performed while the output operation is not performed. 
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For example, in the case of the structure of the driver portion of Fig. 1 and the pixel 
with the structure of Fig. 16(B), the setting operation needs to be conducted in the 
period except the address period Ta in any scanning line in a pixel portion. Further, in 
the case of the structure of the driver portion of Fig. 34 and the pixel with the structure 
of Fig. 63(B), the setting operation of the current source circuit arranged in the driver 
portion needs to be conducted in the period during which the setting operation is not 
conducted for the current source circuit arranged in the pixel. 

Note that, at this time, a frequency of a shift register that controls the current 
source circuit may be set at a low speed in some cases. Thus, the setting operation of 
the current source circuit can be performed for an enough time with accuracy. 

Alternatively, the setting operation of the current source circuit may be 
performed at random by using the circuit shown in Fig. 43 or the like as the circuit (shift 
register) for controlling the current source circuit. Further, the circuits of Fig. 44, Fig. 
45, Fig. 46, and the like may also be used. Then, even if the periods during which the 
setting operation can be performed are dotted about one frame, the periods are 
effectively utilized, thereby being capable of performing the setting operation. Further, 
it may be such that the setting operation for all the current source circuits is not 
conducted in one frame period but conducted in several frame periods or more. From 
the above, the setting operation of the current source circuit can be performed for an 
enough time with accuracy. 

Note that in the case of the structure of the driver portion of Fig. 1 and the pixel 
with the structure of Fig. 16(B), the input operation may be conducted in the period 
during which the scanning line in the pixel portion is selected (address period Ta). 
Further, in the case of the structure of the driver portion of Fig. 1 and the pixel with the 
structure of Fig. 63(B), the setting operation of the current source circuit arranged in the 
driver portion may be conducted in the period during which the setting operation is not 
conducted for the current source circuit arranged in the pixel. 

This embodiment can be arbitrarily combined with Embodiment Modes 1 to 8. 
<Embodiment 2> 

In this embodiment, example structures of pixel circuits provided in the pixel 
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portion will be described with reference to Figs. 13 and 71. 

Note that the present invention may be applied to a pixel of any structure as 
long as the structure includes a current input portion. 

A pixel shown in Fig. 13(A) includes a signal line 1101, first and second 
scanning lines 1102 and 1103, a current line (power supply line) 1104, a switching TFT 
1105, a holding TFT 1106, a driving TFT 1107, a conversion driving TFT 1108, a 
capacitor device 1109, and a light emitting element 1110. The signal line 1101 is 
connected to a current source circuit 1111. 

Note that the current source circuit 1111 corresponds to the current source 
circuit 420 arranged in the signal line driver circuit 403. 

In the pixel of Fig. 13(A), the gate electrode of the switching TFT 1105 is 
connected to the first scanning line 1102, a first electrode thereof is connected to the 
signal line 1101, and a second electrode thereof is connected to a first electrode of the 
driving TFT 1107 and a first electrode of the conversion driving TFT 1108. The gate 
electrode of the holding TFT 1106 is connected to the second scanning line 1103, a first 
electrode thereof is connected to the signal line 1102, and a second electrode thereof is 
connected to the gate electrode of the driving TFT 1107 and the gate electrode of the 
conversion driving TFT 1108. A second electrode of the driving TFT 1107 is 
connected to the current line (power supply line) 1104, and a second electrode of the 
conversion driving TFT 1108 is connected to one of the electrodes of the light emitting 
element 1110. The capacitor device 1109 is connected between the gate electrode of 
the conversion driving TFT 1108 and a second electrode thereof, and retains a 
gate-source voltage of the conversion driving TFT 1108. The current line (power 
supply line) 1104 and the other electrode of the light emitting element 1110 are 
respectively input with predetermined potentials and have mutually different potentials. 

Note that the pixel of Fig. 13(A) corresponds to the case where a circuit of Fig. 
38(B) is applied to a pixel. However, since the current-flow direction is different, the 
transistor polarity is opposite. The driving TFT 1107 of Fig. 13(A) corresponds to a 
TFT 126 of Fig. 38(B), the conversion driving TFT 1108 of Fig. 13(A) corresponds to a 
TFT 122 of Fig. 38(B), and the holding TFT 1106 of Fig. 13(A) corresponds to the TFT 
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124 of Fig. 38(B). 

A pixel shown in Fig. 13(B) includes a signal line 1151, first and second 
scanning lines 1142 and 1143, a current line (power supply line) 1144, a switching TFT 
1145, a holding TFT 1146, a conversion driving TFT 1147, a driving TFT 1148, a 
capacitor device 1149, and a light emitting element 1140. The signal line 1151 is 
connected to a current source circuit 1141. 

Note that the current source circuit 1141 corresponds to the current source 
circuit 420 ananged in the signal line driver circuit 403. 

In the pixel of Fig. 13(B), the gate electrode of the switching TFT 1145 is 
connected to the first scanning line 1142, a first electrode thereof is connected to the 
signal line 1151, and a second electrode thereof is connected to a first electrode of the 
driving TFT 1148 and a first electrode of the conversion driving TFT 1148. The gate 
electrode of the holding TFT 1146 is connected to the second scanning line 1143, a first 
electrode thereof is connected to the first electrode of the driver TFT 1148, and a second 
electrode thereof is connected to the gate electrode of the driving TFT 1148 and the gate 
electrode of the conversion driving TFT 1147. A second electrode of the conversion 
driving TFT 1147 is connected to the current line (power supply line) 1144, and a 
second electrode of the conversion driving TFT 1147 is connected to one of the 
electrodes of the light emitting element 1140. The capacitor device 1149 is connected 
between the gate electrode of the conversion driving TFT 1147 and a second electrode 
thereof, and retains a gate-source voltage of the conversion driving TFT 1147. The 
current line (power supply line) 1144 and the other electrode of the light emitting 
element 1140 are respectively input with predetermined potentials and have mutually 
different potentials. 

Note that the pixel of Fig. 13(B) corresponds to the case where a circuit of Fig. 
6(B) is applied to a pixel. However, since the current-flow direction is different, the 
transistor polarity is opposite. The conversion driving TFT 1147 of Fig. 13(B) 
corresponds to a TFT 122 of Fig. 6(B), the driving TFT 1148 of Fig. 13(B) corresponds 
to a TFT 126 of Fig. 6(B), and the holding TFT 1146 of Fig. 13(B) corresponds to the 
TFT 124 of Fig. 6(B). 
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A pixel shown in Fig. 13(C) includes a signal line 1121, a first scanning line 
1122, a second scanning line 1123, a third scanning line 1135, a current line (power 
supply line) 1124, a switching TFT 1125, a pixel current line 1138, an erasing TFT 1126, 
a driving TFT 1127, a capacitor device 1128, a current-supply TFT 1129, a mirror TFT 
1130, a capacitor device 1131, a current-input TFT 1132, a holding TFT 1133, and a 
light emitting element 1136. The pixel current line 1138 is connected to a current 
source circuit 1137. 

In the pixel of Fig. 13(C), the gate electrode of the switching TFT 1125 is 
connected to the first scanning line 1122, a first electrode of the switching TFT 1125 is 
connected to the signal line 1121, and a second electrode of the switching TFT 1125 is 
connected to the gate electrode of the driving TFT 1127 and a first electrode of the 
erasing TFT 1126. The gate electrode of the erasing TFT 1126 is connected to the 
second scanning line 1123, and a second electrode of the erasing TFT 1126 is connected 
to the cunent line (power supply line) 1124. A first electrode of the driving TFT 1127 
is connected to one of the electrodes of the light emitting element 1136, and a second 
electrode of the driving TFT 1127 is connected to a first electrode of the current-supply 
TFT 1129. A second electrode of the current-supply TFT 1129 is connected to the 
current line 1124. One of the electrodes of the capacitor device 1131 is connected to 
the gate electrode of the current-supply TFT 1129 and the gate electrode of the mirror 
TFT 1130 and the other electrode thereof is connected to the current line (power supply 
line) 1124. A first electrode of the mirror TFT 1130 is connected to the current line 
1124, and a second electrode of the mirror TFT 1130 is connected to a first electrode of 
the current-input TFT 1132, A second electrode of the current-input TFT 1132 is 
connected to the current line (power supply line) 1124, and the gate electrode of the 
current-input TFT 1132 is connected to the third scanning line 1135. The gate 
electrode of the current holding TFT 1133 is connected to the third scanning line 1135, a 
first electrode of the current holding TFT 1133 is connected to the pixel current line 
1138, a second electrode of the current holding TFT 1133 is connected to the gate 
electrode of the current-supply TFT 1129 and the gate electrode of the mirror TFT 1130. 
The current line (power supply line) 1124 and the other electrode of light emitting 
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element 1136 are respectively input with predetermined potentials and have mutually 
different potentials. 

In this case, the current source circuit 1137 corresponds to the current source 
circuit 420 arranged in the signal line driver circuit 403. 

Note that the pixel of Fig. 13(C) corresponds to the case where the circuit of 
Fig. 23(E) is applied to the pixel of Fig. 63(B). However, since the current-flow 
direction is different, the transistor polarity is opposite. As described above, the 
erasing TFT 1126 is additionally provided in the pixel of Fig. 13(C). The disposition 
of the erasing TFT 1126 enables the length of the lightening period to be freely 
controlled. 

The switching TFT 1125 serves to control the supply of the video signal to the 
pixel. The erasing TFT 1126 serves to cause charge retained in the capacitor device 
1131 to be discharged. The conductivity/non-conductivity of the driving TFT 1127 is 
controlled according to the charge retained in the capacitor device 1131. The 
current-supply TFT 1129 and the mirror TFT 1130 together form a current mirror circuit. 
The current line 1124 and the other electrode of the light emitting element 1136 are 
respectively input with predetermined potentials and mutually have potential 
differences. 

To be more specific, when the switching TFT 1125 is turned ON, a video 
signal is input to the pixel through the signal line 1121 and is held in the capacitor 
device 1128. The driving TFT 1127 is turned ON or OFF depending on the value of 
the video signal. Thus, when the driving TFT 1127 is ON, a constant current flows to 
the light emitting element, and the light emitting element emits light. When the 
driving TFT 1127 is OFF, no current flows to the light emitting element, and the light 
emitting element does not emit light. In this manner, an image is displayed. 

In addition, the current source circuit of Fig. 13(C) is structured by the 
current-supply TFT 1129, the mirror TFT 1130, the capacitor device 1131, the 
current-input TFT 1132, and the holding TFT 1133. The current source circuit 
includes a capacity of making a constant current flow. Current is passed through the 
pixel current line 1138 and is then input to the current source circuit, and the setting 
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operation is performed. Thus, even when variation occurs in the characteristics of the 
transistors constituting the current source circuit, variation does not occur in the 
magnitude of current that flows from the current source circuit to the light emitting 
element. The setting operation for the current source circuit of the pixel can be 
performed independent of the operations of the switching TFT 1125 and the driving 
TFT 1127. 

A pixel of Fig. 71(A) corresponds to the case where the circuit of Fig. 23(A) is 
applied to the pixel of Fig. 63(B). However, since the current-flow direction is 
different, the transistor polarity is opposite. The pixel of Fig. 71(A) includes a 
current-supply TFT 1129, a capacitor device 1131, a holding TFT 1133, and a pixel 
current line 1138 (Ci). The pixel current line 1138 (Ci) is connected to a current 
source circuit 1137. Note that the current source circuit 1137 corresponds to the 
cunent source circuit 420 arranged in the signal line driver circuit 403. 

A pixel of Fig. 71(B) corresponds to the case where the circuit of Fig. 24(A) is 
applied to the pixel of Fig. 63(B). However, since the current-flow direction is 
different, the transistor polarity is opposite. The pixel of Fig. 71(B) includes a 
current-supply TFT 1129, a capacitor device 1131, a holding TFT 1133, and a pixel 
current line 1138 (Ci). The pixel current line 1138 (Ci) is connected to a current 
source circuit 1137. Note that the current source circuit 1137 corresponds to the 
current source circuit 420 arranged in the signal line driver circuit 403. 

The pixel of Fig. 71(A) and the pixel of Fig, 71(B) are mutually different in the 
polarities of the respective current-supply TFTs 1129. Because of the difference in the 
polarities, connections of the capacitor device 1131 and the holding TFT 1133 are 
different. 

As described above, there exist pixels having various structures. Incidentally, 
the pixels described above can be broadly classified into two types. The first type 
inputs a current corresponding to the video signal to the signal line. This type 
corresponds to the structures of Figs. 13(A), 13(B), and the like. In this case, the 
signal line driver circuit includes the signal current control switch, as shown in Figs. 1 
and 2. 



83 



The other type inputs a video signal to the signal line, and inputs to the pixel 
current line a constant current unrelated to the video signal, that is, the pixel as shown in 
Fig. 63(B). The structure corresponds to Figs. 13(C), 71(A), 71(B), and the like. In 
this case, the signal line driver circuit does not include the signal current control switch, 
as shown in Figs. 34 and 35. 

Next, timing charts corresponding to the above-described pixel types will be 
described. First, cases where digital gradation and time gradation arc combined will 
be described. However, it is variable depending on the pixel type or the structure of 
the signal line driver circuit. That is, as described above, there occurs, in some cases, a 
difference in timing between the case where the setting operation and the input 
operation for the current source circuit in the signal line driver circuit can be performed 
simultaneously and the case where the setting operation and the input operation cannot 
be performed simultaneously. 

First, the pixel type in which the current corresponding to the video signal is 
input to the signal line will be described. The pixel is assumed to be shown in Fig. 
13(A) or 13(B). The signal line driver circuit is assumed to have the structure of Fig. 
6(B). 

In the case where the setting operation and the input operation for the current 
source circuit of the signal line driver circuit can be simultaneously performed, a 
description is made of the case where the circuit shown in Fig. 1 is applied to the 
constant current circuit 414 in Fig. 6(B) and Fig. 23(C) is applied to the portion of a 
current source circuit, that is, the case of Fig. 5. Note that the description is the same 
in the circuits of Fig. 3 and Fig. 4 for the case where the setting operation and the input 
operation can be simultaneously performed. 

The timing chart in this case is shown in Fig. 72. Also assumed are that 4-bit 
gradation is represented, and that the number of subframes is four for the convenience 
of simplifying the description. First, a first subframe period SFl starts. A scanning 
line (the first scanning line 1102 shown in Fig. 13(A), or the first scanning line 1132 
shown in Fig. 13(B)) is selected on a line basis, and current is input through a signal line 
(signal line 1101 in Fig, 13(A) or capacitor device 1131 in Fig. 13(B)). The current 
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has a value corresponding to that of the video signal. Upon termination of a lightening 
period Tsl, a subsequent subframe period SF2 starts, and scanning is performed similar 
to the case of the subframe period SFl. Thereafter, a subsequent subframe period SF3 
starts, and scanning is performed similarly. However, since the length of a lightening 
period Ts3 is shorter than an address period Ta3, light is forced not to be emitted. That 
is, the input video signal is erased or current is controlled not to flow to the light 
emitting element. To erase the video signal, the second scanning line (second scanning 
line 1103 in Fig. 13(A) or second scanning line 1133 in Fig. 13(B)) is selected on a line 
basis. As a result, the video signal is erased to cause the light emitting element to be in 
the non-emission state. Then, a subsequent subframe period SF4 starts. Also in this 
stage, scanning is performed similar to the case of the subframe period SF3; and the 
light emitting element is brought into the non-emission state similarly. 

Described above is the timing chart relevant to the image display operation, 
that is, pixel operation. Next, the timing of the setting operation for the current source 
circuit ananged in the signal line driver circuit will be described. 

It is assumed that the current source circuit here is one capable of 
simultaneously performing the setting operation and the input operation. In the case 
where a pixel is of type in which a current corresponding to a video signal is input to a 
signal line, the input operation (output of the current to the pixel) of the current source 
circuit in the signal line driver circuit is performed in the address period (Tal, Ta2 or the 
like) in each subframe period. Then, the setting operation of the current source circuit 
in the signal line driver circuit is controlled by a sampling pulse from the shift register 
411. 

The sampling pulses output from the shift register are output to all the columns 
while a scanning line (gate line) of a certain line is selected. Therefore, as shown in 
Fig. 72, the setting operation of the current source circuit in the signal line driver circuit 
is conducted synchronously with the sampling pulse output from the shift register. 

Next, a description is made of the case where a setting control line and logical 
operators are arranged in a signal line driver circuit as shown in Fig. 42. Then, in the 
case where the setting operation and the input operation can be simultaneously 
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performed with respect to the current source circuit in the signal line driver circuit, a 
description is made of the case where the circuit shown in Fig. 1 is applied to the 
constant current circuit 414 in Fig. 42 and Fig. 23(C) is applied to the portion of a 
cunent source circuit, that is, the case of Fig. 49. 

The timing charts at this time are shown in Fig. 73, Fig, 74 and Fig, 75. 

First, the image display operation, that is, the operation on a switching 
transistor, a driving transistor, and the like of a pixel is substantially the same as that in 
the case of Fig. 72 described above, and thus, an explanation thereof is omitted. 

Next, a description is made of the timing of the setting operation of the current 
source circuit arranged in the signal line driver circuit. In the case of Fig. 72, the 
setting operation of the current source circuit in the signal line driver circuit is 
conducted in a selection period of the scanning line (gate line) of each line in each 
address period. 

In Fig. 73, whether the setting operation of the current source circuit is 
conducted or not can be controlled by the setting control line. Therefore, a setting 
operation period Tb is provided only when the scanning line (gate line) of a certain line 
in a certain address period is selected, and the setting operation can be performed in the 
setting operation period Tb. 

In this way, the number of times in which the setting operation is conducted for 
the current source circuit arranged in the signal line driver circuit can be reduced. 
Therefore, power consumption can be reduced. 

Note that a capacitor element connected between a gate and a source of a 
certain transistor is arranged in the current source circuit 420. Charge is accumulated 
in the capacitor element through the setting operation of the current source circuit. 
Ideally, it is sufficient that the setting operation of the current source circuit is 
conducted only once when a power source is input. This is because the amount of the 
charge accumulated in the capacitor element does not need to be changed in accordance 
with the operation state, time, and the like, and does not change. Accordingly, it is 
sufficient that the setting operation of the current source circuit in the signal line driver 
circuit is conducted arbitrary times at an arbitrary timing. 
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However, in actuality, various noises enter the capacitor element, or a leak 
cunent of the transistor connected to the capacitor element flows through the capacitor 
element. As a result, the amount of the charge accumulated in the capacitor element 
may change with time. When the charge amount changes, the current output from the 
cunent source circuit, that is, the current input to the pixel also changes. As a result, 
luminance of the pixel changes. Thus, in order not to fluctuate the charge accumulated 
in the capacitor clement, there arises a need that the setting operation of the current 
source circuit is performed in a certain cycle to thereby refresh the charge. 

The operation for refreshing the charge accumulated in the capacitor element 
may be conducted any number of times in one frame period. Alternatively, the 
operation may be conducted once in several frame periods. 

Note that the setting operation of the current source circuit is performed once 
in each of the address periods Tal and Ta2 in Fig. 73. How often the setting operation 
is conducted may be appropriately determined in accordance with the conservation 
situation of the charge in the capacitor element of the current source circuit. 

Next, Fig. 74 shows the case where the timing of the setting operation of the 
current source circuit arranged in the signal line driver circuit is different from that in 
Fig. 73. 

In Fig. 74, an address period (period during which the input operation of the 
current source circuit in the signal line driver circuit is conducted) is separated from a 
setting operation period of the current source circuit of the signal line driver circuit. 
That is, by utilizing the setting control line, the setting operation of the current source 
circuit is not conducted in the address period, that is, in the input operation of the 
current source circuit. Further, the setting operation of the current source circuit is 
conducted in the period between one address period and another address period, that is, 
the period during which the input operation of the current source circuit is not 
performed. 

The setting operation and the input operation of the current source circuit in the 
signal line driver circuit are separately performed as described above, whereby the 
operation speed of each operation can be changed. That is, the frequency of the 



sampling pulse output from the shift register 411 can be changed. Therefore, only in 
the case of conducting the setting operation of the current source circuit in the signal 
line driver circuit, the operation of the shift register 411 can be performed slowly. As a 
result, the setting operation of the current source circuit can be performed for a 
sufficient time, and the setting operation can be conducted with more accuracy. 

Accordingly, the case of Fig. 74 may adopts the structure in which the setting 
operation and the input operation cannot be performed simultaneously with respect to 
the current source circuit in the signal line driver circuit. 

Note that even when the shift register 411 is operated for conducting the setting 
operation of the current source circuit, no influence is imparted to the pixel if the 
scanning line (gate line) in the pixel is not selected. That is, since the scanning line 
(gate line) is not selected in the address period, no influence is imparted to the pixel. 

Further, in the case where the shift register 411 is the circuit capable of 
selecting a plurality of wirings at random as in Fig. 43, Fig. 44, Fig. 45, Fig. 46, or the 
like, the setting operation for all the cunent source circuits does not need to be finished 
in the period between one address period and another address period, that is, one period 
during which the input operation of the current source circuit is not conducted. In 
other words, the setting operation for all the current source circuits may be finished in 
several frame periods. Alternatively, in the case where there exist a plurality of 
periods, each of which is between one address period and another address period, in one 
frame period, the setting operation of the current source circuit may be conducted by 
using some periods selected from those periods. The timing chart at this time is shown 
in Fig. 75. 

Next, a description will be given of the pixel type that inputs a video signal to 
the signal line and then inputs a constant current unrelated to the video signal to the 
pixel current line. The signal line driver circuit is assumed to have the structure of Fig. 
63(A). The pixel is assumed to have the structure of, for example. Fig. 63(B), 13(C), 
71(A), or 71(B). In this pixel structure, however, the setting operation needs to be 
performed also for the current source circuit in the pixel. Thus, the timing chart is 
variable depending on whether the current source circuit of the pixel can simultaneously 
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perform the setting operation and the input operation. Fig. 76 shows a timing chart in 
the case where the setting operation and the input operation of the current source circuit 
of the pixel can be performed simultaneously, that is, the case where the pixel has the 
structure of Fig. 13(C). 

First, the image display operation, that is, operations related to the switching 
transistor of the pixel, the driving transistor, and the like will be described below. 
Since the operations are almost the same as those in the case of Fig. 72, they will be 
briefly described. 

First, a first subframe period SFl starts. A scanning line (first scanning line 
1122 in Fig. 13(C)) is selected on a line basis, and a video signal is input through a 
signal line (1121 in Fig. 13(C)). The video signal is ordinarily a voltage, but it may be 
a current. Upon termination of a lightening period Tsl, a subsequent subframe period 
SF2 starts, and scanning is performed similar to the case of SFl. Then, a subsequent 
subframe period SF3 starts, and scanning is performed similarly. However, since the 
length of a lightening period Ts3 is shorter than the length of an address period Ta3, 
light is forced not to be emitted. That is, the input video signal is erased or current is 
controlled not to flow to the light emitting element. To erase the input video signal, 
the second scanning line (second scanning line 1123 in Fig. 13(C)) is selected on a line 
basis. As a result, the video signal is erased, and the driving TFT 1127 is brought into 
the OFF state. Thus, the light emitting element can be brought into the non-emission 
state. Then, a subsequent subframe period SF4 starts. Also in this stage, scanning is 
performed as in the case of SF3 and the light emitting element is brought into the 
non-emission state similarly. 

Next, the setting operation for the current source circuit of the pixel will be 
described. In the case of Fig. 13(C), the setting operation and the input operation for 
the current source circuit of the pixel can be performed simultaneously. Accordingly, 
the setting operation for the current source circuit of the pixel can be performed with an 
arbitrary timing. 

The setting operation of the current source circuit in the signal line driver 
circuit may be conducted at any time in the case where the setting operation can be 
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performed simultaneously with the input operation (setting operation of the current 
source circuit of the pixel). In the case where the setting operation of the current 
source circuit in the signal line driver circuit cannot be performed simultaneously with 
the input operation (setting operation of the current source circuit of the pixel), the 
setting operation may be conducted in the period other than the period during which the 
input operation (setting operation of the current source circuit of the pixel) is conducted. 

The case where the setting operation and the input operation (output of a 
cunent to the pixel, that is, the setting operation of the current source circuit of the 
pixel) of the current source circuit in the signal line driver circuit can be performed at 
the same time corresponds to the case where the circuit in Fig. 35 is applied to the 
constant current circuit 414 in Fig. 63(A), that is, the case of Fig. 68. Alternatively, the 
above case corresponds to the case where Fig. 34 is applied to the constant current 
circuit 414 in Fig. 63(A) and the current source circuit 420 corresponds to Fig. 23(C), 
Fig. 23(D), Fig. 23(E), or the like. 

The case where the setting operation and the input operation (output of a 
current to the pixel, that is, the setting operation of the current source circuit of the 
pixel) of the current source circuit in the signal line driver circuit cannot be performed 
simultaneously corresponds to the case where Fig. 34 is applied to the constant current 
circuit 414 in Fig. 63(A) and the current source circuit 420 corresponds to Fig. 23(A), 
Fig. 23(B), or the like, that is, the case of Fig. 64. 

Thus, Fig. 76 is a timing chart for the case where the setting operation and the 
input operation (output of a current to the pixel, that is, the setting operation of the 
current source circuit of the pixel) of the current source circuit in the signal line driver 
circuit cannot be performed simultaneously. Assuming that the setting operation of the 
current source circuit in the signal line driver circuit is performed in an address period, 
the setting operation of the current source circuit of the pixel is performed in the period 
between one address period and another address period. 

In the case where the setting operation and the input operation (output of a 
current to the pixel, that is, the setting operation of the current source circuit of the 
pixel) of the current source circuit in the signal line driver circuit can be conducted 
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simultaneously, the setting operation of the current source circuit of the pixel may be 
conducted in an arbitrary period. 

In the case of Fig. 76, the setting operation of the current source circuit in the 
signal line driver circuit is performed in a selection period of the scanning line (gate 
line) of each line in each address period. Next, a description is made of a timing chart 
for the case where a setting control line and a logical operator are arranged as shown in 
Fig. 66 or Fig. 69. In Fig, 66 or Fig. 69, whether the setting operation of the current 
source circuit is performed or not can be controlled by the setting control line. 
Therefore, only when the scanning line (gate line) of a certain line in a certain address 
period is selected, the setting operation period Tb is provided, and the setting operation 
can be performed in the setting operation period Tb. 

Thus, Fig. 77 is a timing chart for the case where the setting operation and the 
input operation (output of a current to the pixel, that is, the setting operation of the 
current source circuit of the pixel) of the current source circuit in the signal line driver 
circuit cannot be performed simultaneously. The setting operation of the current 
source circuit in the signal line driver circuit is conducted in the first period among the 
address periods. In Fig. 77, the setting operation is conducted in the first periods of 
Tal and Ta2. Therefore, the setting operation of the current source circuit of the pixel 
is conducted in the other periods. That is, the setting operation of the current source 
circuit of the pixel (input operation of the current source circuit in the signal line driver 
circuit) can be performed also in the address period. 

Further, from the above, the number of times of the setting operation of the 
current source circuit arranged in the signal line driver circuit can be reduced. Thus, 
power consumption can be reduced. 

Note that the capacitor element connected between a gate and a source is 
arranged in the current source circuit 420. In the capacitor element, charge is 
accumulated through the setting operation of the current source circuit. Ideally, it is 
sufficient that the setting operation of the current source circuit is conducted only once 
when a power source is input. This is because the amount of the charge accumulated 
in the capacitor element does not need to be changed in accordance with the operation 
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state, time, and the like, and does not change. Accordingly, it is sufficient that the 
setting operation of the current source circuit in the signal line driver circuit is 
conducted arbitrary number of times at an arbitrary timing. 

However, in actuality, various noises enter the capacitor element, or a leak 
current of the transistor connected to the capacitor element flows through the capacitor 
element. As a result, the amount of the charge accumulated in the capacitor element 
may change with time. When the charge amount changes, the current output from the 
current source circuit, that is, the current input to the pixel also changes. As a result, 
luminance of the pixel changes. Thus, in order not to fluctuate the charge accumulated 
in the capacitor element, there arises a need that the setting operation of the current 
source circuit is performed in a certain cycle to thereby refresh the charge. 

The operation for refreshing the charge accumulated in the capacitor element 
may be conducted any number of times in one frame period. Alternatively, the 
operation may be conducted once in several frame periods. 

The setting operation of the current source circuit is performed once in each of 
the address periods Tal and Ta2 in Fig. 77. How often the setting operation is 
conducted may be appropriately determined in accordance with the conservation 
situation of the charge in the capacitor element of the current source circuit. 

Next, Fig. 78 shows the case where the timing of the setting operation of the 
current source circuit arranged in the signal line driver circuit differs from that in Fig. 
77. 

In Fig. 78, by utilizing the setting control line, the setting operation of the 
current source circuit in the signal line driver circuit is not performed in the address 
period, and the setting operation of the current source circuit is performed in the period 
between one address period and another address period. Then, in the case where the 
input operation of the current source circuit in the signal line driver circuit (output of a 
current to the pixel, that is, the setting operation of the current source circuit of the 
pixel) cannot be performed simultaneously with the setting operation of the current 
source circuit in the signal line driver circuit, the input operation is performed in the 
period during which the setting operation is not performed. In the case where the 
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setting operation and the input operation can be performed simultaneously, any timing 
of conducting the input operation of the current source circuit in the signal line driver 
circuit is adopted. 

In this way, the setting operation of the current source circuit in the signal line 
driver circuit is performed in the period other than the address period, whereby the 
operation speed can be changed between the operation in the address period and the 
operation in the setting operation. That is, the frequency of the sampling pulse output 
from the shift register 411 can be changed. Therefore, only in the case where the 
setting operation of the current source circuit in the signal line driver circuit is 
conducted, the operation of the shift register 411 can be conducted slowly. As a result, 
the setting operation of the current source circuit can be performed for a sufficient time, 
and the setting operation can be conducted with more accuracy. 

Note that, in order to perform the setting operation of the current source circuit, 
even though the shift register 411 is operated, no influence is imparted to the pixel if the 
scanning line (gate line) in the pixel is not selected. That is, since the scanning line 
(gate line) is not selected in the address period, no influence is imparted to the pixel. 

Further, in the case where the shift register 411 is the circuit capable of 
selecting wirings at random as in Fig. 43, Fig. 44, Fig. 45, Fig. 46 or the like, the setting 
operation for all the current source circuits does not need to be finished in one period 
between one address period and another address period. That is, the setting operation 
for all the current source circuits may be finished in several frame periods. 
Alternatively, in the case where there exist a plurality of periods, each of which is 
between one address period and another address period, in one frame period, the setting 
operation of the current source circuit may be conducted by using some periods selected 
from those periods. The timing chart at this time is Fig. 79. 

Next, the timing chart for the case where: a pixel is of type in which a video 
signal is input to a signal line and a fixed current irrelevant to the video signal is input 
to a pixel current line; and the setting operation and the input operation of the current 
source circuit of the pixel cannot be performed simultaneously, that is, the case where 
the pixel corresponds to Fig. 71(A) or Fig. 71(B) is Fig. 80. 
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First, the image display operation, that is, the operation on the switching 
transistor, the driving transistor, and the like of the pixel is substantially the same as that 
in the case of Fig. 76, and thus is described in a simple manner. 

First, a first subframe period SFl starts. A scanning line (first scanning line 
1122 in Figs. 71(A) and 71(B)) is selected on a line basis, and a video signal is input 
through a signal line (1121 in Figs. 71(A) and 71(B)). The video signal is ordinarily a 
voltage, but it may be a current. Upon termination of a lightening period Tsl, a 
subsequent subframe period SF2 starts, and scanning is performed similar to the case of 
SFL Then, a subsequent subframe period SF3 starts, and scanning is performed 
similarly. However, since the length of a lightening period Ts3 is shorter than the 
length of an address period Ta3, light is forced not to be emitted. That is, the input 
video signal is erased or current is controlled not to flow to the light emitting element. 
To prevent the current from flowing to the light emitting element, the second scaiming 
line (second scanning line 1123 in Fig. 13(C)) is selected on a line basis. As a result, 
the erasing TFT 1127 is brought into the OFF state, and the current-flow path is 
interrupted. Thus, the light emitting element can be brought into the non-emission 
state. Then, a subsequent subframe period SF4 starts. Also in this stage, scanning is 
performed as in the case of SF3 and the light emitting element is brought into the 
non-emission state similarly. 

Next, a description is made of the setting operation to the current source circuit 
of the pixel. In the case of Fig. 71(A) and Fig. 71(B), the setting operation and the 
input operation of the current source circuit of the pixel cannot be performed 
simultaneously. Therefore, the setting operation of the current source circuit of the 
pixel may be conducted when the input operation of the current source circuit of the 
pixel is not performed, that is, when a current does not flow through the light emitting 
element. 

The setting operation of the current source circuit in the signal line driver 
circuit may be performed at any time in the case where the setting operation can be 
performed simultaneously with the input operation (setting operation of the current 
source circuit of the pixel). In the case where the setting operation of the current 
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source circuit in the signal line driver circuit cannot be conducted simultaneously with 
the input operation (setting operation of the current source circuit of the pixel), the 
setting operation may be conducted in the period other than the period during which the 
input operation (setting operation of the current source circuit of the pixel) is conducted. 

The case where the setting operation and the input operation (output of a 
current to the pixel, namely, the setting operation of the current source circuit of the 
pixel) of the current source circuit in the signal line driver circuit can be performed at 
the same time corresponds to the case where the constant current circuit 414 in Fig. 
63(A) corresponds to the circuit in Fig. 35, that is, the case of Fig. 68. Alternatively, 
the above case corresponds to the case where the constant current source 414 in Fig. 
63(A) corresponds to Fig. 34, and also, the current source circuit 420 corresponds to Fig. 
23(C), Fig. 23(D), Fig. 23(E) or the like. 

The case where the setting operation and the input operation (output of a 
current to the pixel, that is, the setting operation of the current source circuit of the 
pixel) of the current source circuit of the signal line driver circuit cannot be performed 
simultaneously corresponds to the case where the constant current circuit 414 in Fig. 
63(A) corresponds to Fig. 34, and the current source circuit 420 corresponds to Fig. 
23(A), Fig. 23(B), or the like, that is, the case of Fig. 64(A). 

Thus, Fig. 80 is the timing chart for the case where the setting operation and 
the input operation (output of a current to the pixel, that is, the setting operation of the 
current source circuit of the pixel) of the current source circuit of the signal line driver 
circuit can be performed at the same time. The setting operation of the current source 
circuit in the signal line driver circuit is performed in the address period. The setting 
operation of the current source circuit of the pixel may be conducted while the input 
operation of the current source circuit of the pixel is not conducted, that is, during a 
non-lightening period (non-light emission period) (Td3, Td4) in which a current does 
not flow through the light emitting element. The setting operation of the current 
source circuit in the signal line driver circuit may be performed in the other period. 
The non-lightening period (non-light emission period) (Td3, Td4) may overlap the 
address period in many cases. 
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In the case of Fig. 80, the setting operation of the current source circuit of the 
signal line driver circuit is performed in a selection period of the scanning line (gate 
line) of each line in each address period. Next, there is described a timing chart in the 
case where a setting control line and a logical operator exist as in Fig. 66 or Fig. 69. In 
Fig. 66 or Fig. 69, whether the setting operation of the current source circuit is 
conducted or not can be controlled by the setting control line. Therefore, only when 
the scanning line (gate line) of a certain line in a certain address period is selected, a 
setting operation period Tb is provided, and the setting operation can be performed in 
the setting operation period Tb. 

Thus, Fig. 81 is the timing chart for the case where the setting operation and 
the input operation (output of a current to the pixel, that is, the setting operation of the 
current source circuit of the pixel) of the current source circuit in the signal line driver 
circuit cannot be performed simultaneously. The setting operation of the current 
source circuit in the signal line driver circuit is conducted in the period during which the 
setting operation of the current source circuit of the pixel is not conducted. In Fig. 81, 
the setting operation is performed in the period of Ta2. The setting operation of the 
current source circuit of the pixel is performed in the other period. Thus, the setting 
operation of the current source circuit in the signal line driver circuit can be performed 
while avoiding the period during which the setting operation of the current source 
circuit of the pixel (input operation of the current source circuit in the signal line driver 
circuit) is performed. 

Further, from the above, the number of times of the setting operation of the 
current source circuit arranged in the signal line driver circuit can be reduced. 
Therefore, consumption power can be reduced. Note that the setting operation of the 
cunent source circuit in the signal line driver circuit can be conducted an arbitrary 
number of times at an arbitrary timing. Incidentally, in order not to fluctuate the 
charge accumulated in the capacitor element arranged in the current source circuit, there 
arises a need that the setting operation of the current source circuit is performed in a 
certain cycle to thereby refresh the charge. Thus, the operation for refreshing the 
charge accumulated in the capacitor element may be conducted any number of times in 
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one frame period. Alternatively, the operation may be conducted once in several frame 
periods. 

In Fig. 81, the setting operation of the current source circuit is conducted only 
once in the period including the address period Ta2. How often the setting operation is 
conducted may be appropriately determined in accordance with the conservation 
situation of the charge in the capacitor element of the current source circuit. 

Next, the case where the timing of the setting operation of the current source 
circuit arranged in the signal line driver circuit is different from that in Fig. 81 is shown 
in Fig. 82. 

In Fig. 82, by utilizing the setting control line, the setting operation of the 
current source circuit in the signal line driver circuit is not performed in an address 
period while the setting operation of the current source circuit is performed in the period 
between one address period and another address period. Then, the input operation of 
the current source circuit in the signal line driver circuit (output of a current to the pixel, 
that is, the setting operation of the cunent source circuit of the pixel) is performed while 
the input operation of the current source circuit of the pixel is not conducted, that is, 
during the non-lightening period (non-light emission period) (Td3, Td4) in which a 
current does not flow through the light emitting element. 

From the above, it becomes possible that the setting operation and the input 
operation of the current source circuit in the signal line driver circuit are not performed 
simultaneously. 

The setting operation of the current source circuit in the signal line driver 
circuit is performed in the period other than the address period as described above, 
whereby the operation speed can be changed between the operation in the address 
period and the operation in the setting operation. That is, the frequency of the 
sampling pulse output from the shift register 411 can be changed. Therefore, only in 
the case where the setting operation of the current source circuit in the signal line driver 
circuit is conducted, the operation of the shift register 411 can be conducted slowly. 
As a result, the setting operation of the current source circuit can be performed for a 
sufficient time, and the setting operation can be conducted with more accuracy. 
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Note that even when the shift register 411 is operated for conducting the setting 
operation of the current source circuit, no influence is imparted to the pixel if the 
scanning line (gate line) in the pixel is not selected. That is, since the scanning line 
(gate line) is not selected in the address period, no influence is imparted to the pixel. 

Further, in the case where the shift register 411 is the circuit capable of 
selecting a plurality of wirings at random as in Fig. 43, Fig. 44, Fig. 45, Fig. 46, or the 
like, the setting operation for all the current source circuits does not need to be finished 
in the period between one address period and another address period. In other words, 
the setting operation for all the current source circuits may be finished in several frame 
periods. Alternatively, in the case where there exist a plurality of periods, each of 
which is between one address period and another address period, in one frame period, 
the setting operation of the current source circuit may be conducted by using some 
periods selected from those periods. The timing chart at this time is Fig. 83. 

Note that there is a case where the period is short if the setting operation to the 
current source circuit of the pixel is conducted only in a non-lightening period. In 
such a case, it may be such that a non-lightening period is forcibly provided before each 
address period and that the setting operation to the current source circuit of the pixel is 
conducted in the non-lightening period. 

So far, the description has been made of the timing chart in the case where 
digital gradation and time gradation are combined. Next, a description is made of the 
timing chart for the case of analog gradation. Also here, a description is made of the 
timing chart for the case where the setting operation and the input operation to the 
current source circuit in the signal line driver circuit cannot be simultaneously 
performed. 

First, it is assumed that a pixel corresponds to Fig. 13(A) or Fig. 13(B) and that 
the signal line driver circuit corresponds to the structure of Fig. 27 or Fig. 54, that is, the 
circuit as shown in Fig. 29, Fig. 7, Fig. 8, or Fig. 55. The timing chart at this time is 
Fig. 85. 

A scanning line (a first scanning line 1102 in Fig. 13(A) or a first scanning line 
1132 in Fig. 13(B)) is selected one by one, and a current is input from a signal line 
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(1101 in Fig. 13(A) or 1131 in Fig. 13(B)). This current has a value corresponding to a 
video signal. This is performed in one frame period. 

The timing chart on the image display operation, that is, the operation of the 
pixel is described above. Next, a description is made of the timing of the setting 
operation of the current source circuit arranged in the signal line driver circuit. The 
current source circuit described here is one capable of simultaneously performing the 
setting operation and the input operation. Thus, the current source circuit corresponds 
to the case where Fig. 57, Fig. 58, or the like is applied to a constant current circuit. 

The input operation of the current source circuit in the signal line driver circuit 
is generally conducted in one frame period. Then, as shown in Fig. 85, the setting 
operation of the current source circuit in the signal line driver circuit is performed in 
one frame period. 

Next, a description is made of the timing chart for the case where a setting 
control line and a logical operator exist as in Fig. 53, Fig. 60, Fig. 59, Fig. 61, or Fig. 62. 
In this case, whether the setting operation of the current source circuit is conducted or 
not is controlled by the setting control line 

Note that, in Fig. 60, the first to third setting control lines control to which 
current source circuit the setting operation is conducted and to which current source 
circuit the input operation is conducted. Also, the fourth setting control line controls 
whether the setting operation of the current source circuit is performed or not. 

Therefore, as shown in Fig. 86, it becomes possible that the setting operation 
period Tb is provided in a certain period during which the scanning line (gate line) is 
selected and that the setting operation is performed in the setting operation period Tb. 

In this case, since the setting operation and the input operation of the current 
source circuit arranged in the signal line driver circuit can be simultaneously performed 
in the case of Fig. 61 or Fig. 60, there does not arise the problem on the timing of 
conducting the setting operation. In the case where the setting operation and the input 
operation of the current source circuit in the signal line driver circuit cannot be 
performed simultaneously, it may be such that the input operation of the current source 
circuit in the signal line driver circuit is stopped and that the setting operation is 
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conducted while the scanning line is selected, that is, during the first period. Note that 
the period may coincide with a return period. 

Further, as shown in Fig. 9, the setting operation does not need to be performed 
for each line when the scanning line is selected. In Fig. 86 or Fig. 9, it is desirable that 
the current source circuit can be selected at random by using the circuit in Fig. 43 or the 
like as a circuit (shift register) for controlling the current source circuit. Further, the 
circuit in Fig. 44, Fig. 45, Fig. 46, or the like may be used. 

Alternatively, as shown in Fig. 10 or Fig. 11, it may be such that the input 
operation of the current source circuit in the signal line driver circuit (input operation of 
a video signal, that is, the output of a current to the pixel) is performed in several tens of 
percent of one frame period and that the setting operation of the current source circuit in 
the signal line driver circuit is conducted in the rest period. In this case, the setting 
operation and the input operation of the current source circuit in the signal line driver 
circuit may not be performed simultaneously. 

At that time, in the case where the setting operation of the current source 
circuit in the signal line driver circuit is performed, the setting operation may be 
conducted to the current source circuit for each column as shown in Fig. 10. 
Alternatively, the current source circuit is made to be selected at random by using the 
circuit in Fig. 43, Fig. 44, Fig. 45, Fig. 46, or the like, and thus, the setting operation for 
all the current source circuits may not be performed in one frame period. In other 
words, the setting operation for all the current source circuits may be performed in 
several frame periods or more. In this case, the setting operation can be conducted to 
one current source circuit for a long time, and thus, the setting operation can be 
conducted with more accuracy. 

Note that in the case where the setting operation of the current source circuit in 
the signal line driver circuit is performed, the setting operation needs to be performed in 
the state in which a current does not leak or another current does not enter. Thus, the 
transistor 182 in Fig. 29, the transistors A, B, and C, and the like need to be previously 
turned OFF before the setting operation of the current source circuit in the signal line 
driver circuit is performed. Incidentally, this does not need to be taken into 
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consideration in the case where: the transistor 193 is arranged as shown in Fig. 56; and a 
current does not leak or another current does not enter. 

This embodiment can be arbitrarily combined with Embodiment Modes 1 to 8 
and Embodiment 1. 
<Embodiment 3> 

In this embodiment, technical devices when performing color display will be 
described. 

With a light emitting element comprised of an organic EL element, the 
luminance is variable depending on the color even though current having the same 
magnitude is supplied to the light emitting element. In addition, in the case where the 
light emitting element has deteriorated, the deterioration degree is variable depending 
on the color. Thus, various technical devices are required to adjust the white balance. 

The simplest technique is to change the magnitude of the current that is input to 
the pixel. To achieve the technique, the magnitude of the current of the reference 
constant current source should be changed depending on the color. 

Another technique is to use circuits as shown in Figs. 6(C) to 6(E) for the pixel, 
signal line driver circuit, reference constant current source, and the like, and then, 
change the W/L ratio of two transistors forming the current mirror circuit depending on 
the color. Thus, the magnitude of the current can be changed depending on the color. 

Still another technique is to change the length of a lightening period depending 
on the color. The technique can be applied to either of the case where the time 
gradation method is employed and the case where the time gradation method is not 
employed. According to the technique, the luminance can be adjusted. 

The white balance can be easily adjusted by using any one of the techniques or 
a combination thereof. 

This embodiment may be arbitrarily combined with Embodiment Modes 1 to 8 
and Embodiments 1 and 2. 
<Embodiment 4> 

In this embodiment, the appearances of the light emitting devices 
(semiconductor devices) of the present invention will be described using Fig. 12. Fig. 
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12 is a top view of a light emitting device formed such that an clement substrate on 
which transistors are formed is sealed with a sealing material; Fig. 12(B) is a 
cross-sectional view taken along the line A-A* of Fig. 12(A); and Fig. 12(C) is a 
cross-sectional view taken along the line B-B' of Fig. 12(A). 

A sealing material 4009 is provided so as to enclose a pixel portion 4002, a 
source signal line driver circuit 4003, and gate signal line driver circuits 4004a and 
4004b that are provided on a substrate 4001, In addition, a sealing material 4008 is 
provided over the pixel portion 4002, the source signal line driver circuit 4003, and the 
gate signal line driver circuits 4004a and 4004b. Thus, the pixel portion 4002, the 
source signal line driver circuit 4003, and the gate signal line driver circuits 4004a and 
4004b are sealed by the substrate 4001, the sealing material 4009, and the sealing 
material 4008 with a filler material 4210. 

The pixel portion 4002, the source signal line driver circuit 4003, and the gate 
signal line driver circuits 4004a and 4004b, which are provided over the substrate 4001, 
include a plurality of TFTs, Fig. 12(B) representatively shows a driving TFT 
(incidentally, an n-channel TFT and a p-channel TFT are shown in this example) 4201 
included in the source signal line driver circuit 4003, and an erasing TFT 4202 included 
in the pixel portion 4002, which are formed on a base film 4010. 

In this embodiment, a p-channel TFT or an n-channel TFT that is manufactured 
according to a known method is used for the driving TFT 4201, and an n-channel TFT 
manufactured according to a known method is used for the erasing TFT 4202. 

An interiayer insulating film (leveling film) 4301 is formed on the driving TFT 
4201 and the erasing TFT 4202, and a pixel electrode (anode) 4203 for being 
electrically connected to a drain of the erasing TFT 4202 is formed thereon. A 
transparent conductive film having a large work function is used for the pixel electrode 
4203. For the transparent conductive film, a compound of indium oxide and tin oxide, 
a compound of indium oxide and zinc oxide, zinc oxide, tin oxide, or indium oxide can 
be used. Alternatively, the transparent conductive film added with gallium may be 
used. 

An insulating film 4302 is formed on the pixel electrode 4203, and the 



1 



102 



insulating film 4302 is formed with an opening portion formed on the pixel electrode 
4203. In the opening portion, a light emitting layer 4204 is formed on the pixel 
electrode 4203. The light emitting layer 4204 may be formed using a known light 
emitting material or inorganic light emitting material. As the light emitting material, 
either of a low molecular weight (monomer) material and a high molecular weight 
(polymer) material may be used. 

As a forming method of the light emitting layer 4204, a known vapor 
deposition technique or coating technique may be used. The structure of the light 
emitting layer 4204 may be either a laminate structure, which is formed by arbitrarily 
combining a hole injection layer, a hole transportation layer, a light-emitting layer, an 
electron transportation layer, and an electron injection layer, or a single-layer structure. 

Formed on the light emitting layer 4204 is a cathode 4205 formed of a 
conductive film (representatively, a conductive film containing aluminum, copper, or 
silver as its main constituent, or a laminate film of the conductive film and another 
conductive film) having a light shielding property. Moisture and oxygen existing on 
an interface of the cathode 4205 and the light emitting layer 4204 are desirably 
eliminated as much as possible. For this reason, a technical device is necessary in that 
the light emitting layer 4204 is formed in an nitrogen or noble gas atmosphere, and the 
cathode 4205 is formed without being exposed to oxygen, moisture, and the like. In 
this embodiment, the above-described film deposition is enabled using a multi-chamber 
method (cluster-tool method) film deposition apparatus. In addition, the cathode 4205 
is applied with a predetermined voltage. 

In the above-described manner, a light emitting element 4303 constituted by 
the pixel electrode (anode) 4203, the light emitting layer 4204, and the cathode 4205 is 
formed, A protective film is formed on the insulating film so as to cover the light 
emitting element 4303. The protective film is effective for preventing, for example, 
oxygen and moisture, from entering the light emitting element 4303. 

Reference numeral 4005a denotes a drawing wiring that is connected to a 
power supply line and that is electrically connected to a source region of the erasing 
TFT 4202. The drawing wiring 4005a is passed between the sealing material 4009 and 
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the substrate 4001 and is then electrically connected to an FPC wiring 4301 of an FPC 
4006 via an anisotropic conductive film 4300. 

As the sealing material 4008, a glass material, a metal material 
(representatively, a stainless steel material), ceramics material, or a plastic material 
(including a plastic film) may be used. As the plastic material, an FRP (fiberglass 
reinforced plastics) plate, a PVF (polyvinyl fluoride) film, a Mylar film, a polyester film, 
or an acrylic resin film may be used. Alternatively, a sheet having a structure in which 
an aluminum foil is sandwiched by the PVF film or the Mylar film may be used. 

However, a cover material needs to be transparent when light emission is 
directed from the light emitting layer to the cover material. In this case, a transparent 
substance such as a glass plate, a plastic plate, a polyester film, or an acrylic film, is 
used. 

Further, for the filler material 4210, ultraviolet curing resin or a thermosetting 
resin may be used in addition to an inactive gas, such as nitrogen or argon; and PVC 
(polyvinyl chloride), acrylic, polyimide, epoxy resin, silicon resin, PVB (polyvinyl 
butyral), or EVA (ethylene vinyl acetate) may be used. In this embodiment, nitrogen 
was used for the filler material. 

To keep the filler material 4210 to be exposed to a hygroscopic substance 
(preferably, barium oxide) or an oxygen-absorbable substance, a concave portion 4007 
is provided on the surface of the sealing material 4008 on the side of the substrate 4001, 
and a hygroscopic substance or oxygen-absorbable substance 4207 is arranged. The 
hygroscopic substance or oxygen-absorbable substance 4207 is held in the concave 
portion 4007 via a concave-portion cover material 4208 such that the hygroscopic 
substance or oxygen-absorbable substance 4207 does not diffuse. The concave-portion 
cover material 4208 is in a fine mesh state and is formed to allow air and moisture to 
pass through and not to allow the hygroscopic substance or oxygen-absorbable 
substance 4207 to pass through. The provision of the hygroscopic substance or 
oxygen-absorbable substance 4207 enables the suppression of deterioration of the light 
emitting element 4303. 

As shown in Fig. 12(C), simultaneously with the formation of the pixel 
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electrode 4203, a conductive film 4203a is formed so as to be contact with an upper 
portion of the drawing wiring 4005a. 

In addition, the anisotropic conductive Him 4300 includes a conductive filler 
4300a. The substrate 4001 and the FPC 4006 are thermally press-bonded, whereby the 
conductive film 4203a on the substrate 4001 and the FPC wiring 4301 on the FPC 4006 
are electrically connected via the conductive filler 4300a. 

This embodiment may be arbitrarily combined with Embodiment Modes 1 to 8 
and Embodiments 1 to 3. 
<Embodiment 5> 

A light emitting device using light emitting elements is of self-light emitting 
type, so that in comparison to a liquid crystal display, the light emitting device offers a 
better visibility in bright portions and a wider view angle. Hence, the light emitting 
device can be used in display portions of various electronic devices- 
Electronic devices using the light emitting device of the present invention 
include, there are given, for example, video cameras, digital cameras, goggle type 
displays (head mount displays), navigation systems, audio reproducing devices (such as 
car audio and audio components), notebook personal computers, game machines, 
mobile information terminals (such as mobile computers, mobile telephones, portable 
game machines, and electronic books), and image reproducing devices provided with a 
recording medium (specifically, devices for reproducing a recording medium such as a 
digital versatile disc (DVD), which includes display capable of displaying images). In 
particular, in the case of mobile information terminals, since the degree of the view 
angle is appreciated important, the terminals preferably use the light emitting device. 
Practical examples are shown in Fig. 22. 

Fig. 22(A) shows a light emitting element, which contains a casing 2001, a 
support base 2002, a display portion 2003, a speaker portion 2004, a video input 
terminal 2005, and the like. The light emitting element of the present invention can be 
applied to the display portion 2003. Further, the light emitting element shown in Fig. 
22(A) is completed with the present invention. Since the light emitting element is of 
self-light emitting type, it does not need a back light, and therefore a display portion that 
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is thinner than a liquid crystal display can be obtained. Note that light emitting 
elements include all information display devices, for example, personal computers, 
television broadcast transmitter-receivers, and advertisement displays. 

Fig. 22(B) shows a digital still camera, which contains a main body 2101, a 
display portion 2102, an image receiving portion 2103, operation keys 2104, an external 
connection port 2105, a shutter 2106, and the like. The light emitting element of the 
present invention can be applied to the display portion 2102. Further, the digital still 
camera shown in Fig. 22(B) is completed with the present invention. 

Fig. 22(C) shows a notebook personal computer, which contains a main body 
2201, a casing 2202, a display portion 2203, a keyboard 2204, external connection ports 
2205, a pointing mouse 2206, and the like. The light emitting element of the present 
invention can be applied to the display portion 2203. Further, the light emitting 
element shown in Fig. 22(C) is completed with the present invention. 

Fig. 22(D) shows a mobile computer, which contains a main body 2301, a 
display portion 2302, a switch 2303, operation keys 2304, an infrared port 2305, and the 
like. The light emitting element of present invention can be applied to the display 
portion 2302. Further, the mobile computer shown in Fig. 22(D) is completed with the 
present invention. 

Fig. 22(E) shows a portable image reproducing device provided with a 
recording medium (specifically, a DVD reproducing device), which contains a main 
body 2401, a casing 2402, a display portion A 2403, a display portion B 2404, a 
recording medium (such as a DVD) read-in portion 2405, operation keys 2406, a 
speaker portion 2407, and the like. The display portion A 2403 mainly displays image 
information, and the display portion B 2404 mainly displays character information. 
The light emitting element of the present invention can be used in the display portion A 
2403 and in the display portion B 2404. Note that family game machines and the like 
are included in the image reproducing devices provided with a recording medium. 
Further, the DVD reproducing device shown in Fig. 22(E) is completed with the present 
invention. 

Fig. 22(F) shows a goggle type display (head mounted display), which contains 
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a main body 2501, a display portion 2502, an arm portion 2503, and the like. The light 
emitting element of the present invention can be used in the display portion 2502. The 
goggle type display shown in Fig. 22(F) is completed with the present invention. 

Fig. 22(G) shows a video camera, which contains a main body 2601, a display 
portion 2602, a casing 2603, external connection ports 2604, a remote control reception 
portion 2605, an image receiving portion 2606, a battery 2607, an audio input portion 
2608, operation keys 2609, an eyepiece portion 2610, and the like. The light emitting 
element of the present invention can be used in the display portion 2602. The video 
camera shown in Fig. 22(G) is completed with the present invention. 

Here, Fig. 22(H) shows a mobile telephone, which contains a main body 2701, 
a casing 2702, a display portion 2703, an audio input portion 2704, an audio output 
portion 2705, operation keys 2706, external connection ports 2707, an antenna 2708, 
and the like. The light emitting element of the present invention can be used in the 
display portion 2703. Note that, by displaying white characters on a black background, 
the display portion 2703 can suppress the consumption current of the mobile telephone. 
Further, the mobile telephone shown in Fig. 22(H) is completed with the present 
invention. 

When the emission luminance of light emitting materials are increased in the 
future, the light emitting element will be able to be applied to a front or rear type 
projector by expanding and projecting light containing image information having been 
output lenses or the like. 

Cases are increasing in which the above-described electronic devices display 
information distributed via electronic communication lines such as the Internet and 
CATVs (cable TVs). Particularly increased are cases where moving picture 
information is displayed. Since the response speed of the light emitting material is 
very high, the light emitting device is preferably used for moving picture display. 

Since the light emitting device consumes the power in light emitting portions, 
information is desirably displayed so that the light emitting portions are reduced as 
much as possible. Thus, in the case where the light emitting device is used for a 
display portion of a mobile information terminal, particularly, a mobile telephone, an 
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audio playback device, or the like, which primarily displays character information, it is 
preferable that the character information be formed in the light emitting portions with 
the non-light emitting portions being used as the background. 

As described above, the application range of the present invention is very wide, 
so that the invention can be used for electronic devices in all of fields. The electronic 
devices according to this embodiment may use the light emitting device with the 
structure according to any one of Embodiment Modes 1 to 6 and Embodiments 1 to 6. 

The present invention having the structures described above can suppress 
influences of variation in characteristics of TFTs, which is caused by manufacturing 
steps and the difference in a substrate used, and can supply a desired signal current to 
the outside. 

Further, in the present invention, one shift resister has two functions. One 
function of the two is for controlling the current source circuit. The other function is 
for controlling the circuit which controls video signal, that is, the circuits which 
operates to display an image. For example, the circuits are a latch circuit, a sampling 
switch, and a switch 101 (a signal current control switch). According to the 
above-mentioned structures, it is possible to reduce elements of the circuits which is 
provided, since the circuit which controls the current source circuit and each circuit 
which control a video signal are unnecessary to provide. Further, since the additional 
number of elements can be reduced, the layout area can be reduced. Therefore, 
process yield in the manufacturing steps is improved, and costs can be reduced. 
Furthermore, the frame area can be narrowed if the layout area is reduced, consequently 
the device can be miniaturized. 

In addition, in the case that the shift resister has a structure which has a 
function that can choose plurality of wirings at random, the setting signal which is 
supplied to the power source circuit can be output at random. Accordingly, the setting 
operation can be performed at random for the current source circuit rather than 
sequentially from the first column to the latest column. Then the setting operation 
period for the current source circuit can be determined freely. Further, it is possible 
that the influence of charge leakage in a capacitor device of the current source circuit 
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can be made inconspicuous. Thus, when a defect has occurred in association with the 
setting operation, the defect can be made inconspicuous. 
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CLAIM 

1. A signal line driver circuit comprising: a plurality of current source circuits 
corresponding to a plurality of wirings; and a shift register, characterized in that: 

the plurality of current source circuits each comprise capacitor means for 
converting a supplied current to a voltage in accordance with a sampling pulse supplied 
from the shift register and supply means for supplying a current corresponding to the 
converted voltage. 

2. A signal line driver circuit comprising: a plurality of current source circuits 
corresponding to a plurality of wirings; and a shift register, characterized in that: 

two current source circuits each comprising capacitor means and supply means 
are arranged for each wiring; and 

the capacitor means of one of the two current source circuits converts a 
supplied current to a voltage in accordance with a sampling pulse supplied from the 
shift register, and the supply means of the other current source circuit supplies a current 
corresponding to the converted voltage. 

3. A signal line driver circuit, comprising a plurality of current source circuits 
corresponding to a plurality of wirings, characterized in that: 

n current source circuits (n is a natural number equal to or larger than 2) are 
arranged for each wiring; and 

the n current source circuits each comprise capacitor means for converting a 
supplied current to a voltage in accordance with a sampling pulse supplied from the 
shift register and supply means for supplying a current corresponding to the converted 
voltage. 

4. A signal line driver circuit according to any one of claims 1 to 3, 
characterized in that: 

the n current source circuits are connected to n reference constant current 
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sources corresponding to mutually different bits; and 

the values of currents supplied from the n reference constant current sources 
are set to 2^ : 2^ ... :2". 

5. A signal line driver circuit according to any one of claims 1 to 3, 
characterized in that the n current source circuits are connected to one reference 
constant current source corresponding to the most significant bit. 

6. A signal line driver circuit according to any one of claims 1 to 3, 
characterized in that the plurality of wirings are a plurality of signal lines or a plurality 
of current lines. 

7. A signal line driver circuit according to any one of claims 1 to 3, 
characterized in that the shift register is comprised of a decoder circuit, and selects the 
plurality of wirings at random. 

8. A signal line driver circuit according to any one of claims 1 to 3, 
characterized in that, when a drain and a gate of a transistor of the supply means are in a 
short-circuited state, the capacitor means retains a voltage generated between the gate 
and source by the supplied current. 

9. A signal line driver circuit according to any one of claims 1 to 3, 
characterized in that the supply means comprises a transistor, a first switch for 
controlling conductivity between a gate and a drain of the transistor, a second switch for 
controlling conductivity between a reference constant current source and the gate of the 
transistor, and a third switch for controlling conductivity between the drain of the 
transistor and a pixel. 

10. A signal line driver circuit according to any one of claims 1 to 3, 
characterized in that, when drains and gates of both first and second transistors of the 
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supply means are in a short-circuited state, the capacitor means retains a voltage 
generated between the gate and source of the first or second transistor by the supplied 
current. 

11. A signal line driver circuit according to any one of claims 1 to 3, 
characterized in that the supply means comprises a current mirror circuit constituted of 
first and second transistors, a first switch for controlling conductivity between gates and 
sources of the first and second transistors, and a second switch for controlling 
conductivity between a reference constant current source and the gates of the first and 
second transistors. 

12. A signal line driver circuit according to any one of claims 1 to 3, 
characterized in that, when a drain and a gate of one of first and second transistors of 
the supply means are in a short-circuited state, the capacitor means retains a voltage 
generated between the gate and source by the supplied current. 

13. A signal line driver circuit according to any one of claims 1 to 3, 
characterized in that the supply means comprises: 

a current mirror circuit comprising first and second transistors; 

a first switch for controlling conductivity between a reference constant current 
source and a drain of the first transistor; and 

a second switch for controlling any one selected from conductivity between the 
drain and gate of the first transistor, conductivity between the gate of the first transistor 
and a gate of the second transistor, and conductivity between the gates of both the first 
and second transistors and the reference constant current source. 

14. A signal line driver circuit according to claim 11, characterized in that gate 
widths/gate lengths of both the first and second transistors are set to identical values. 

15. A signal line driver circuit according to claim 11, characterized in that gate 
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width/gate length of the first transistor is set to a value larger than gate width/gate 
length of the second transistor. 

16. A signal line driver circuit according to any one of claims 1 to 3, 
characterized in that: 

the supply means comprises a transistor, first and second switches for 
controlling supply of a current to the capacitor means, and a third switch for controlling 
conductivity between a gate and a drain of the transistor; and 

the gate of the transistor is connected to the first switch, a source of the 
transistor is connected to the second switch, and the drain of the transistor is connected 
to the third switch. 

17. A signal line driver circuit according to any one of claims 1 to 3, 
characterized in that: 

the supply means comprises a current mirror circuit comprising m transistors; 
gate widths/gate lengths of the m transistors are set to 2^ : 2^: ... : 2"; and 
drain currents of the m transistors are set to 2° : 2^ : ... : 2". 

18. A signal line driver circuit according to any one of claims 1 to 3, 
characterized in that a transistor constituting the supply means operates in a saturation 
region. 

19. A signal line driver circuit according to any one of claims 1 to 3, 
characterized in that an active layer of a transistor constituting the current source circuit 
is formed of polysilicon. 

20. A light emitting device characterized by comprising: 

the signal line driver circuit according to claim 1 and a pixel portion in which a 
plurality of pixels each including a light emitting element are arranged in matrix; in 
which 
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a current is supplied to the light emitting element from the signal line driver 

circuit. 

21. A method of driving a light emitting device which is provided with: a pixel 
portion comprising a plurality of wirings and a plurality of pixels which are arranged in 
matrix; and a signal line driver circuit comprising a plurality of current source circuits 
respectively corresponding to the plurality of wirings and a shift register, characterized 
in that: 

one frame period comprises a plurality of subframe periods; 

the plurality of subframe periods each have an address period and a lightening 

period; 

in the address period, capacitor means of the plurality of current source circuits 
converts a supplied current into a voltage in accordance with a sampling pulse supplied 
from the shift register; and 

in the lightning period, supply means of the plurality of current source circuits 
supplies a current corresponding to the converted voltage to the pixels. 

22. A method of driving a light emitting device which is provided with: a pixel 
portion comprising a plurality of wirings, a plurality of scanning lines, and a plurality of 
pixels which are arranged in matrix; and a signal line driver circuit comprising a 
plurality of current source circuits respectively corresponding to the plurality of wirings 
and a shift register, characterized in that: 

one frame period comprises a plurality of subframe periods; 

the plurality of subframe periods each have an address period and a lightening 

period; 

the lightning period has a setting operation period provided in a period during 
which any of the plurality of scanning lines is not selected; and 

in the setting operation period, capacitor means of the plurality of current 
source circuits converts a supplied current into a voltage in accordance with a sampling 
pulse supplied from the shift register. 
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23, A method of driving a light emitting device which is provided with: 

a pixel portion comprising a plurality of wirings, a plurality of scanning lines, 
and a plurality of pixels which are arranged in matrix; and 

a signal line driver circuit comprising a plurality of first current source circuits 
respectively corresponding to the plurality of wirings and a shift register, in which: 

the plurality of pixels each comprise a light emitting element, a second current 
source circuit, and a switch for controlling conductivity of the light emitting element 
and the second current source circuit; 

the first and the current source circuit each have capacitor means and supply 
means, characterized in that: 

one frame period comprises a plurality of subframe periods; 

the plurality of subfirame periods each have an address period and a lightening 

period; 

the lightening period of the subframe period selected from the plurality of 
subframe period has a first or second setting operation period; 

in the first setting operation period, the capacitor means of the first current 
source circuit converts a supplied current into a voltage in accordance with a sampling 
pulse supplied from the shift register; and 

in the second setting operation period, the capacitor means of the second 
current source circuit converts a supplied current into a voltage. 

24. A method of driving a light emitting device which is provided with: 

a pixel portion comprising a plurality of wirings, a plurality of scanning lines, 
and a plurality of pixels which are arranged in matrix; and 

a signal line driver circuit comprising a plurality of current source circuits 
respectively conesponding to the plurality of wirings and a shift register, in which: 

the plurality of pixels each comprise a light emitting element, a second current 
source circuit, and a switch for controlling conductivity of the light emitting element 
and the second current source circuit; 
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the first and the current source circuit each have capacitor means and supply 
means, characterized in that: 

one frame period comprises a plurality of subframe periods; 

the plurality of subframe periods each have an address period and a lightening 

period; 

in the address period, the capacitor means of the first current source circuit 
converts a supplied current into a voltage in accordance with a sampling pulse supplied 
from the shift register; and 

in the subframe period selected from the plurality of subframe periods, the 
capacitor means of the second current source circuit converts a supplied current into a 
voltage. 

25. A method of driving a light emitting device which is provided with: 

a pixel portion comprising a plurality of wirings, a plurality of scanning lines, 
and a plurality of pixels which are arranged in matrix; and 

a signal line driver circuit comprising a plurality of current source circuits 
respectively corresponding to the plurality of wirings and a shift register, in which: 

the plurality of pixels each comprise a light emitting element, a second current 
source circuit, and a switch for controlling conductivity of the light emitting element 
and the second current source circuit; 

the first and the current source circuit each have capacitor means and supply 
means, characterized in that: 

one frame period comprises a plurality of subframe periods; 

the plurality of subframe periods each have an address period and a lightening 

period; 

a first subframe period selected from the plurality of subframe periods has a 
first setting operation period provided in the period during which any of the plurality of 
scanning lines is selected; 

a second subframe period selected from the plurality of subframe periods has a 
second setting operation period; 
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in the first setting operation period, the capacitor means of the first current 
source circuit converts a supplied current into a voltage in accordance with a sampling 
pulse supplied from the shift register; and 

in the second setting operation period, the capacitor means of the second 
current source circuit converts a supplied current into a voltage. 

26. A method of driving a light emitting device which is provided with: 

a pixel portion comprising a plurality of wirings, a plurality of scanning lines, 
and a plurality of pixels which are arranged in matrix; and 

a signal line driver circuit comprising a plurality of current source circuits 
respectively corresponding to the plurality of wirings and a shift register, in which: 

the plurality of pixels each comprise a light emitting element, a second current 
source circuit, and a switch for controlling conductivity of the light emitting element 
and the second current source circuit; 

the first and the current source circuit each have capacitor means and supply 
means, characterized in that: 

one fi-ame period comprises a plurality of subframe periods; 

the plurality of subframe periods each have an address period and a lightening 

period; 

in the lightening period, the capacitor means of the first current source circuit 
converts a supplied current into a voltage in accordance with a sampling pulse supplied 
from the shift register; 

the subframe period selected from the plurality of subframe periods has a 
setting operation period; and 

in the setting operation period, the capacitor means of the second current 
source circuit converts a supplied current into a voltage. 

27. A method of driving a light emitting device which is provided with: 
a pixel portion comprising a plurality of wirings, a plurality of scanning lines, 
and a plurality of pixels which are arranged in matrix; and 



a signal line driver circuit comprising a plurality of current source circuits 
respectively corresponding to the plurality of wirings and a shift register, in which: 

the plurality of pixels each comprise a light emitting element, a second current 
source circuit, and a switch for controlling conductivity of the light emitting element 
and the second current source circuit; 

the first and the current source circuit each have capacitor means and supply 
means, characterized in that: 

one frame period comprises a plurality of subframe periods; 

the plurality of subframe periods each have an address period and a lightening 

period; 

the lightening period has a setting operation period provided in the period 
during which any of the plurality of scanning lines is not selected; 

in the setting operation period, the capacitor means of the first current source 
circuit converts a supplied current into a voltage in accordance with a sampling pulse 
supplied from the shift register; and 

in the address period, the capacitor means of the second current source circuit 
converts a supplied current into a voltage. 

28. A method of driving a light emitting device which is provided with: a pixel 
portion comprising a plurality of wirings and a plurality of pixels which are arranged in 
matrix; and a signal line driver circuit comprising a plurality of current source circuits 
respectively corresponding to the plurality of wirings and a shift register, characterized 
in that: 

one frame period comprises a plurality of horizontal scanning periods; 

the plurality of horizontal scanning periods each have a setting operation 

period; 

in the setting operation period, capacitor means of the plurality of current 
source circuits converts a supplied current into a voltage in accordance with a sampling 
pulse supplied from the shift register. 
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29. A method of driving a light emitting device which is provided with: a pixel 
portion comprising a plurality of wirings and a plurality of pixels which arc arranged in 
matrix; and a signal line driver circuit comprising a plurality of current source circuits 
respectively corresponding to the plurality of wirings and a shift register, characterized 
in that: 

one frame period comprises a plurality of horizontal scanning periods; 

the plurality of horizontal scaiming periods each have a setting operation 

period; 

in the setting operation period, capacitor means of the plurality of current 
source circuits converts a supplied current into a voltage in accordance with a sampling 
pulse supplied from the shift register. 

30. A method of driving a light emitting device which is provided with: a pixel 
portion comprising a plurality of wirings and a plurality of pixels which are arranged in 
matrix; and a signal line driver circuit comprising a plurality of current source circuits 
respectively corresponding to the plurality of wirings and a shift register, characterized 
in that: 

one frame period comprises a plurality of horizontal scanning periods and 
setting operation periods; 

in the setting operation period, the capacitor means converts a supplied current 
into a voltage in accordance with a sampling pulse supplied from the shift register. 

31. A method of driving a light emitting device according to any one of claims 
21 to 30, characterized in that the pixel portion performs line-sequential drive or 
dot-sequential drive. 

32. A method of driving a light emitting device according to any one of claims 
21 to 30, characterized in that the plurality of wirings are a plurality of signal lines or a 
plurality of current lines. 
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33. A signal line driver circuit according to claim 12, characterized in that gate 
widths/gate lengths of both the first and second transistors are set to identical values. 

34. A signal line driver circuit according to claim 12, characterized in that gate 
width/gate length of the first transistor is set to a value larger than gate width/gate 
length of the second transistor. 

35. A signal line driver circuit according to claim 13, characterized in that gate 
widths/gate lengths of both the first and second transistors are set to identical values. 

36. A signal line driver circuit according to claim 13, characterized in that gate 
width/gate length of the first transistor is set to a value larger than gate width/gate 
length of the second transistor. 

37. A light emitting device characterized by comprising: 

the signal line driver circuit according to claim 2, and a pixel portion in which 
a plurality of pixels each including a light emitting element are arranged in matrix; in 
which 

a current is supplied to the light emitting element from the signal line driver 

circuit. 

38. A light emitting device characterized by comprising: 

the signal line driver circuit according to claim 3, and a pixel portion in which 
a plurality of pixels each including a light emitting element are arranged in matrix; in 
which 

a current is supplied to the light emitting element from the signal line driver 

circuit. 

39. A light emitting device characterized by comprising: 

the signal line driver circuit according to claim 4, and a pixel portion in which 
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a plurality of pixels each including a light emitting element are arranged in matrix; in 
which 

a current is supplied to the light emitting element from the signal line driver 

circuit. 
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ABSTRACT 



Variation occurs in transistor characteristics. The present invention relates to 
a signal line driver circuit comprising: a plurality of current source circuits 
corresponding to a plurality of wirings; and a shift register, characterized in that: the 
plurality of current source circuits each comprise capacitor means for converting a 
supplied current to a voltage in accordance with a sampling pulse supplied from the 
shift register and supply means for supplying a current corresponding to the converted 
voltage. 
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